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MULTILAYER INTERCONNECTION BOARD, SEMICONDUCTOR 
DEVICE HAVING THE SAME, AND METHOD OF FORMING THE 
SAME AS WELL AS METHOD OF MOUNTING THE 
SEMICONDUTOR CHIP ON THE INTERCONNECTION BOARD 

BACKGROUND OF THE INVENTION 

elates to an interconnection board, a 
The present invention relates to an 

semiconductor device having an interconnection board, a method of 
forming the interconnection board and a method of mounting fie 
semiconductor chip on the interconnection board, and more particular,,, to 
a multilayer interconnection board for allowing a flip-chip semiconductor 
chip to be mounted thereon, a semiconductor device having a mululayer 
interconnection board, a method of forming the multilayer interconnection 
board and a method of mounting the flip-chip semiconductor chip on the 
multilayer interconnection board. 

In recent years, the importance of the flip-chip semiconductor 
chip for realizing the high density package has been on the increase. FIG. 1 
is a schematic cross sectional elevation view illustrative of a frip-chip 
semiconductor chip. A flip-chip semiconductor chip .0, has a first surface 
which further has a predetermined area array of externa, terminals not 
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illustrated on a peripheral area thereof and/or an active region thereof. 
Bumps 102 are provided on the external terminals. The bumps 102 are 
made of a metal material such as a solder material, Au, Sn-Ag based alloy. 
FIG. 2 is a schematic cross sectional elevation view illustrative of a 
5 flip-chip semiconductor chip mounted on a multilayer interconnection 
board. A multilayer interconnection board 103 has electrode pads which 
patterns correspond to patterns of the bumps 102 of the flip-chip 
semiconductor chip 101. The flip-chip semiconductor chip 101 is mounted 
on the multilayer interconnection board 103. If the bumps 102 are made of 
10 a solder material, an IR re-flow process using a flux is used for mounting 
the flip-chip semiconductor chip 101 on the multilayer interconnection 
board 103. The multilayer interconnection board 103 mounted with the 
flip-chip semiconductor chip 101 is further mounted on a circuit board 
through external terminals which are not illustrated. 
15 The multilayer interconnection board 103 is different in linear 

expansion coefficient from the flip-chip semiconductor chip 101. The 
above conventional technique is disadvantageous in deteriorated mounting 
reliability, particularly deteriorated temperature cycle characteristics. In 
order to solve the above disadvantage, the following two conventional 

20 techniques have been proposed. 

The first technique is to use, for the multilayer interconnection 
board, a ceramic-based material having a small difference in linear 
expansion coefficient from silicon of the flip-chip semiconductor chip 101. 
The use of the ceramic-based material is effective in improvement in 
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reliability of mounting the flip-chip semiconductor chip 101 on the 
multilayer interconnection board 103, but disadvantageous as the 
ceramic-based material is expensive. The application of this conventional 
technique is limited to supercomputers and large scale computers. 

The second technique is to use, for the multilayer interconnection 
board, an organic material which is inexpensive but is larger in linear 
expansion coefficient than silicon of the flip-chip semiconductor chip. In 
this second technique, an underfill resin is provided between the 
semiconductor chip and the multilayer interconnection board, so that a 
shearing stress of the bumps between the semiconductor chip and the 
multilayer interconnection board is distributed or dispersed to the under-fill 
resin which covers the bumps, thereby to improve the reliability. 

If the second technique using the organic material for the 
multilayer interconnection board is selected, then the multilayer 
interconnection board may be a build-up board in view of a minimum pitch 
of bump array patterns and the number of pins. FIGS. 3 A through 3F are 
fragmentary cross sectional elevation views illustrative of build-up boards 
as the multilayer interconnection boards in sequential steps involved in a 
conventional fabrication method. 

With reference to FIG. 3A, a glass epoxy base material board 104, 
typically FR4, FR5 or BT board, is prepared. Cu-foils 105 having a 
thickness in the range of 10-40 micrometers are adhered on both surfaces 
of the glass epoxy base material board 104. The Cu-foils 105 are then 
patterned to form Cu-interconnection patterns 105 on both surfaces of the 
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glass epoxy base material board 104. A penetrating hole is made to the 
glass epoxy base material board 104 by a drilling process and then the 
penetrating hole is then plated thereby to form a plated through hole 106 
which penetrates the glass epoxy base material board 104 and electrically 
5 connecting the Cu-interconnection patterns 105. An insulative resin filler is 
filled to the plated through hole 106, whereby a core board 107 is 
completed. 

With reference to FIG. 3B ? insulating resin material layers 108 
are formed over the both surfaces of the glass epoxy base material board 

10 104 so that the insulating resin material layers 108 cover the 
Cu-interconnection patterns 105. An opening 109 is selectively formed in 
the insulating resin material layers 108 by a photo-lithography technique or 
a laser beam process, so that a part of the Cu-interconnection patterns 105 
is shown through the opening 109. 

15 With reference to FIG. 3C, metal thin film layers 1 10 are entirely 

formed by a sputtering method or a Cu-electroless plating process, so that 
the metal thin film layers 110 extend on the insulating resin material layers 
108 and in the opening 109, whereby the metal thin film layers 110 are 
electrically connected with the Cu-interconnection patterns 105. 

20 With reference to FIG. 3D, photo-resist films 111 having a 

thickness in the range of 20-40 micrometers or dry films are formed over 
the metal thin film layers 110. The photo-resist films 111 or the dry films 
are patterned by exposure and subsequent development processes thereby 
to form photo-resist patterns 1 1 1 or dry film patterns on the metal thin film 
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layers 110. 

With reference to FIG. 3E, a selective Cu-electroplating process 
is carried out by use of the photo-resist patterns 1 1 1 or the dry film patterns 
as masks and also use of the metal thin film layers 1 10 as an electric supply 
5 line, thereby to selectively form interconnection patterns 112. 

With reference to FIG. 3F, the photo-resist patterns 1 1 1 or the dry 
film patterns are removed. A selective wet etching process to the metal thin 
film layers 1 10 is carried out by use of the interconnection patterns 1 12 as a 
mask for selectively removing the metal thin film layers 110 to complete 

10 the interconnection patterns 112. 

If necessary, the above processes shown in FIGS. 3B through 3F 
will be repeated to increase the number of the multilayers or the multilevels 
of the interconnections to complete the build-up board or the multilayer 
interconnection board. 

15 The above second conventional technique using the organic 

material for the multilayer interconnection board is advantages in selecting 
the glass epoxy resin base material which is inexpensive and superior in 
formability of through holes. However, the glass epoxy resin base material 
has a large difference in thermal expansion coefficient from the 

20 semiconductor chip, whereby a large stress is applied between the 
multilayer interconnection board of the glass epoxy resin base material and 
the semiconductor chip thereby to drop the reliability in connection 
between the multilayer interconnection board and the semiconductor chip. 
The above multilevel interconnection patterns 105 and 112 over the glass 
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epoxy base material board 104 are so thick as to relax the stress applied 
between the multilayer interconnection board and the semiconductor chip 
due to the relatively large thermal expansion coefficient between the 
multilayer interconnection board and the semiconductor chip. The 
5 necessary thickness of the above multilevel interconnection patterns 105 
and 112 is, for example, in the range of 10-30 micrometers. This further 
requires that the thickness of the photo-resist patterns 1 1 1 or the dry film 
patterns is, for example, in the range of 20-40 micrometers. As a result, the 
minimum pitch of the photo-resist patterns 111 or the dry film is about 30 

10 micrometers. Accordingly, the minimum pitch of the above multilevel 
interconnection patterns 105 and 112 is about 30 micrometers. This 
limitation to minimize the pitch of the above multilevel interconnection 
patterns makes it difficult to further increase the density of the multilayer 
interconnection board and further reduce the external size of the multilayer 

15 interconnection board. 

Consequently, the multilayer interconnection board of the glass 
epoxy resin base material makes it difficult to further increase the density 
of the multilayer interconnection board and further reduce the external size 
of the multilayer interconnection board. Even the glass epoxy resin base 

20 material is inexpensive, the number of the multilayer interconnection 
boards obtained from a single large panel is small. This makes it difficult to 
further reduce the cost of the multilayer interconnection board. 

Further, when the insulating resin material layers 108 are formed 
over the both surfaces of the glass epoxy base material board 104, the 
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multilayer interconnection board is likely to be bent. 

Furthermore, when the multilayer interconnection board with the 
semiconductor chip is mounted on a circuit board, a stress is applied 
between the multilayer interconnection board and the circuit board due to a 
5 difference in thermal expansion coefficient between the multilayer 
interconnection board and the circuit board, thereby deteriorating a 
reliability in connection between the multilayer interconnection board and 
the circuit board. 

In the above circumstances, it had been required to develop a 
10 novel multilayer interconnection board free from the above problems, as 
well as a semiconductor device having the novel interconnection board. 



SUMMARY OF THE INVENTION 



15 Accordingly, it is an object of the present invention to provide a 

novel interconnection board free from the above problems. 

It is a further object of the present invention to provide a novel 
interconnection board which is inexpensive. 

It is a still further object of the present invention to provide a 
20 novel interconnection board allowing a further reduction in the cost thereof. 

It is yet a further object of the present invention to provide a 
novel interconnection board free of any bend. 

It is further more object of the present invention to provide a 
novel interconnection board allowing a high reliability in connection 
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between the interconnection board and a semiconductor chip. 

It is moreover object of the present invention to provide a novel 
interconnection board allowing a further increase in density of the 
interconnection board. 
5 It is still more object of the present invention to provide a novel 

interconnection board allowing a further reduction in an external size of the 
interconnection board. 

It is yet more object of the present invention to provide a novel 
interconnection board free from a deterioration in reliability of connection 
10 between the interconnection board and a circuit board on which the 
interconnection board is mounted. 

It is another object of the present invention to provide a novel 
semiconductor device having an improved interconnection board free from 
the above problems. 
15 It is a further object of the present invention to provide a novel 

semiconductor device having an improved interconnection board which is 
inexpensive. 

It is a still further object of the present invention to provide a 
novel semiconductor device having an improved interconnection board 
20 allowing a further reduction in the cost thereof. 

It is yet a further object of the present invention to provide a 
novel semiconductor device having an improved interconnection board free 
of any bend. 

It is further more object of the present invention to provide a 
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novel semiconductor device having an improved interconnection board 
allowing a high reliability in connection between the interconnection board 
and a semiconductor chip. 

It is moreover object of the present invention to provide a novel 
5 semiconductor device having an improved interconnection board allowing 
a further increase in density of the interconnection board. 

It is still more object of the present invention to provide a novel 
semiconductor device having an improved interconnection board allowing 
a further reduction in an external size of the interconnection board. 
10 It is yet more object of the present invention to provide a novel 

semiconductor device having an improved interconnection board free from 
a deterioration in reliability of connection between the interconnection 
board and a circuit board on which the interconnection board is mounted. 

It is still another object of the present invention to provide a 
1 5 novel method of forming an improved interconnection board free from the 
above problems. 

It is a further object of the present invention to provide a novel 
method of forming an improved interconnection board which is 
inexpensive. 

20 It is a still further object of the present invention to provide a 

novel method of forming an improved interconnection board allowing a 
further reduction in the cost thereof. 

It is yet a further object of the present invention to provide a 
novel method of forming an improved interconnection board free of any 
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bend. 

It is further more object of the present invention to provide a 
novel method of forming an improved interconnection board allowing a 
high reliability in connection between the interconnection board and a 
5 semiconductor chip. 

It is moreover object of the present invention to provide a novel 
method of forming an improved interconnection board allowing a further 
increase in density of the interconnection board. 

It is still more object of the present invention to provide a novel 
10 method of forming an improved interconnection board allowing a further 
reduction in an external size of the interconnection board. 

It is yet more object of the present invention to provide a novel 
method of forming an improved interconnection board free from a 
deterioration in reliability of connection between the interconnection board 
1 5 and a circuit board on which the interconnection board is mounted. 

It is yet another object of the present invention to provide a novel 
method of mounting a semiconductor chip on an improved interconnection 
board free from the above problems. 

It is a further object of the present invention to provide a novel 
20 method of mounting a semiconductor chip on an improved interconnection 
board which is inexpensive. 

It is a still further object of the present invention to provide a 
novel method of mounting a semiconductor chip on an improved 
interconnection board allowing a further reduction in the cost thereof. 
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It is yet a further object of the present invention to provide a 
novel method of mounting a semiconductor chip on an improved 
interconnection board free of any bend. 

It is further more object of the present invention to provide a 
5 novel method of mounting a semiconductor chip on an improved 
interconnection board allowing a high reliability in connection between the 
interconnection board and a semiconductor chip. 

It is moreover object of the present invention to provide a novel 
method of mounting a semiconductor chip on an improved interconnection 
10 board allowing a further increase in density of the interconnection board. 

It is still more object of the present invention to provide a novel 
method of mounting a semiconductor chip on an improved interconnection 
board allowing a further reduction in an external size of the interconnection 
board. 

15 It is yet more object of the present invention to provide a novel 

method of mounting a semiconductor chip on an improved interconnection 
board free from a deterioration in reliability of connection between the 
interconnection board and a circuit board on which the interconnection 
board is mounted. 

20 The first present invention provides a semiconductor device 

comprising : an interconnection board ; and a high rigidity plate securely 
fixed to the interconnection board, the high rigidity plate being higher in 
rigidity than the interconnection board for suppressing the interconnection 
board from being bent. 
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The second present invention provides a semiconductor device 
comprising : an interconnection board having first and second surfaces ; at 
least a semiconductor chip mounted on the first surface of the 
interconnection board ; and a high rigidity plate securely fixed to the 
5 second surface of the interconnection board, the high rigidity plate being 
higher in rigidity than the interconnection board for suppressing the 
interconnection board from being bent. 

The third present invention provides a semiconductor device 
comprising : an interconnection board having first and second surfaces ; at 

10 least a semiconductor chip mounted on the first surface of the 
interconnection board ; and a buffer layer having a first surface in contact 
with the second surface of the interconnection board and also the buffer 
layer having a second surface on which at least an external electrode is 
provided, and the buffer layer having at least an electrical contact between 

15 the interconnection board and the at least external electrode, and the buffer 
layer being capable of absorbing and/or relaxing a stress applied to the at 
least external electrode to make the interconnection board free from 
application of the stress. 

The fourth present invention provides a semiconductor device 

20 comprising : an interconnection board having first and second surfaces ; at 
least a semiconductor chip mounted on the first surface of the 
interconnection board ; external electrodes fixed to external electrode pads 
on the second surface of the interconnection board ; and a supporting layer 
on the second surface of the interconnection board for supporting the 
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external electrodes. 

The fifth present invention provides a method of forming an 
interconnection board, wherein during formation of the interconnection 
board, the interconnection board remains securely fixed to a high rigidity 
5 plate being higher in rigidity than the interconnection board for suppressing 
the interconnection board from being bent. 

The above and other objects, features and advantages of the 
present invention will be apparent from the following descriptions. 

1 0 BRIEF DESCRIPTION OF THE DRAWINGS 



Preferred embodiments according to the present invention will be 
described in detail with reference to the accompanying drawings. 

FIG. 1 is a schematic cross sectional elevation view illustrative of 
15 a flip-chip semiconductor chip. 

FIG. 2 is a schematic cross sectional elevation view illustrative of 
a flip-chip semiconductor chip mounted on a multilayer interconnection 
board. 

FIGS. 3A through 3F are fragmentary cross sectional elevation 
20 views illustrative of build-up boards as the multilayer interconnection 
boards in sequential steps involved in a conventional fabrication method. 

FIG. 4 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a first embodiment according to the 
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present invention. 

FIG. 5 is a plane view illustrative of a second surface of the 
multilayer interconnection board of the semiconductor device shown in 
FIG. 4. 

5 FIG. 6 is a fragmentary cross sectional elevation view illustrative 

of multilayer structure of the multilayer interconnection board of the 

semiconductor device shown in FIG. 4. 

FIGS. 7 A through 7Q are fragmentary cross sectional elevation 

views illustrative of a novel method of forming a semiconductor device 
^ 10 having a multilayer interconnection board on which a semiconductor chip 

is mounted in a first embodiment in accordance with the present invention. 
jjjjSj FIGS. 8 A through 8Q are fragmentary cross sectional elevation 

3 views illustrative of a novel method of forming a semiconductor device 

L having a multilayer interconnection board on which a semiconductor chip 

O 15 is mounted in a second embodiment in accordance with the present 

O invention. 

FIGS. 9 A through 9P are fragmentary cross sectional elevation 
views illustrative of a novel method of forming a semiconductor device 
having a multilayer interconnection board on which a semiconductor chip 
20 is mounted in a third embodiment in accordance with the present invention. 

FIG. 10 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a fourth embodiment according to the 
present invention. 
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FIGS. 1 1A through 1 IS are fragmentary cross sectional elevation 
views illustrative of a novel method of forming a semiconductor device 
having a multilayer interconnection board on which a semiconductor chip 
is mounted in a fourth embodiment in accordance with the present 
5 invention. 

FIG. 12 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a fifth embodiment according to the 
present invention. 

10 FIG. 13 is a bottom plane view illustrative of a bottom side of the 

flip-chip semiconductor device shown in FIG. 12. 

FIGS. 14A through 14S are fragmentary cross sectional elevation 
views illustrative of a novel method of forming a semiconductor device 
having a multilayer interconnection board on which a semiconductor chip 

15 is mounted in a fifth embodiment in accordance with the present invention. 

FIG. 15 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a sixth embodiment according to the 
present invention. 

20 FIG. 16 is a cross sectional elevation view illustrative of a 

semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a seventh embodiment according to the 
present invention. 

FIG. 17 is a cross sectional elevation view illustrative of a 
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semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in an eighth embodiment according to the 
present invention. 

FIG. 18 is a fragmentary enlarged cross sectional elevation view 
5 illustrative of a solder ball bonded on an external electrode pad of a 
multilayer interconnection board and a partial supporting layer around the 
solder ball as encompassed by a circle line marked with U A" in FIG. 17. 

FIGS. 19A through 19B are fragmentary cross sectional elevation 
views illustrative of sequential steps involved in a method of forming a 

O 

3 10 supporting layer on a flip-chip semiconductor device in an eighth 

: - j embodiment in accordance with the present invention, wherein the flip-chip 

ijii semiconductor device has already been fabricated in the sequential 

;:. . Jf 

3, fabrication processes described with reference to FIGS. 7 A through 7Q 

described in the first embodiment of the present invention, 
p 15 FIG. 20 is a cross sectional elevation view illustrative of a 

O semiconductor device having a multilayer interconnection board, on which 

a semiconductor chip is mounted in a ninth embodiment according to the 
present invention. 

FIGS. 21 A through 2 IB are fragmentary cross sectional elevation 
20 views illustrative of sequential steps involved in a method of forming a 
supporting layer on a flip-chip semiconductor device in an ninth 
embodiment in accordance with the present invention, wherein the flip-chip 
semiconductor device has already been fabricated in the sequential 
fabrication processes described with reference to FIGS. 14A through 14S 
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described in the fifth embodiment of the present invention. 

FIG. 22 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a tenth embodiment according to the 
5 present invention. 

FIG. 23 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in an eleventh embodiment according to 
the present invention. 

'jj 10 FIG. 24 is a cross sectional elevation view illustrative of a 

j semiconductor device having a multilayer interconnection board, on which 

: h a semiconductor chip is mounted in a twelfth embodiment according to the 

i present invention. 

,h FIGS. 25A through 25U are fragmentary cross sectional 

iij 15 elevation views illustrative of a novel method of forming a semiconductor 

;5 device having a multilayer interconnection board on which a 

semiconductor chip is mounted in a twelfth embodiment in accordance 
with the present invention. 

FIG. 26 is a cross sectional elevation view illustrative of a 
20 semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a thirteenth embodiment according to 
the present invention. 

FIGS. 27 A through 27R are fragmentary cross sectional elevation 
views illustrative of a novel method of forming a semiconductor device 
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having a multilayer interconnection board on which a semiconductor chip 
is mounted in a thirteenth embodiment in accordance with the present 
invention. 

FIG. 28 is a cross sectional elevation view illustrative of a 
5 semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a fourteenth embodiment according to 
the present invention. 

FIG. 29 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
10 a semiconductor chip is mounted in a fifteenth embodiment according to 
the present invention. 

FIG. 30 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a sixteenth embodiment according to 
1 5 the present invention. 

FIG. 31 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a sixteenth embodiment according to 
the present invention. 

20 

DISCLOSURE OF THE INVENTION 

The first present invention provides a semiconductor device 
comprising : an interconnection board ; and a high rigidity plate securely 
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fixed to the interconnection board, the high rigidity plate being higher in 
rigidity than the interconnection board for suppressing the interconnection 
board from being bent. 

It is preferable that the interconnection board comprises a 
5 multilayer interconnection board having a multilevel interconnection 
structure. 

It is also preferable that the high rigidity plate is made of a metal. 
It is also preferable that the high rigidity plate is made of an 

alloy. 

10 It is also preferable that the high rigidity plate is made of a 

ceramic. 

It is also preferable that a base material of the interconnection 
board is an organic insulative material. It is further preferable that the 
organic material is a polymer resin material. 

15 The second present invention provides a semiconductor device 

comprising : an interconnection board having first and second surfaces ; at 
least a semiconductor chip mounted on the first surface of the 
interconnection board ; and a high rigidity plate securely fixed to the 
second surface of the interconnection board, the high rigidity plate being 

20 higher in rigidity than the interconnection board for suppressing the 
interconnection board from being bent. 

It is preferable that the interconnection board comprises a 
multilayer interconnection board having a multilevel interconnection 
structure. 
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It is also preferable that the high rigidity plate is made of a metal. 
It is also preferable that the high rigidity plate is made of an 

alloy. 

It is also preferable that the high rigidity plate is made of a 

5 ceramic. 

It is also preferable that a base material of the interconnection 
board is an organic material. It is further preferable that the organic 
material is a polymer resin material. 

It is also preferable that the at least semiconductor chip is bonded 

10 via bumps to the second surface of the interconnection board. It is also 
preferable to further comprise a sealing resin material provided on the first 
surface of the interconnection board for sealing the at least semiconductor 
chip and the bumps. It is preferable to further comprise at least a heat 
spreader provided on the at least semiconductor chip. 

15 The third present invention provides a semiconductor device 

comprising : an interconnection board having first and second surfaces ; at 
least a semiconductor chip mounted on the first surface of the 
interconnection board ; and a buffer layer having a first surface in contact 
with the second surface of the interconnection board and also the buffer 

20 layer having a second surface on which at least an external electrode is 
provided, and the buffer layer having at least an electrical contact between 
the interconnection board and the at least external electrode, and the buffer 
layer being capable of absorbing and/or relaxing a stress applied to the at 
least external electrode to make the interconnection board free from 
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application of the stress. 

It is preferable that the interconnection board comprises a 
multilayer interconnection board having a multilevel interconnection 
structure. 

5 It is also preferable that the at least external electrode comprises 

plural external electrodes. 

It is also preferable that the external electrode comprises a solder 

ball. 

It is also preferable that the external electrode comprises a pin 

10 electrode. 

It is also preferable that the external electrode comprises a 
coil-spring electrode. 

It is also preferable that the external electrode comprises a 
generally column shaped electrode. It is further preferable that the 
15 generally column shaped electrode comprises a straight column shaped 
electrode which is uniform in horizontal cross sectional area from a bottom 
to a top thereof. 

It is also preferable that the generally column shaped electrode 
comprises a center-pinched column shaped electrode which decreases in 
20 horizontal cross sectional area toward an intermediate level thereof. 

It is also preferable that the buffer layer comprises : plural 
generally column shaped electrically conductive layers, each of which has a 
first end fixed to an external electrode pad of the interconnection board and 
a second end directly fixed the external electrode. It is further preferable 
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that the plural generally column shaped electrically conductive layers are 
made of a metal. 

It is also preferable that the buffer layer comprises : plural 
generally column shaped electrically conductive layers, each of which has a 
5 first end fixed to an external electrode pad of the interconnection board and 
a second end directly fixed the external electrode ; and an stress absorption 
layer filling gaps between the plural generally column shaped electrically 
conductive layers, and the stress absorption layer being lower in rigidity 
than the plural generally column shaped electrically conductive layers, and 
I j 10 the stress absorption layer surrounding the plural generally column shaped 

■sj electrically conductive layers so that the stress absorption layer is in tightly 

A: .X, 

s.ij 

m contact with the plural generally column shaped electrically conductive 

"q layers. It is further preferable that the plural generally column shaped 

|U electrically conductive layers are made of a metal. 

p 15 It is also preferable that the stress absorption layer is made of an 

O organic insulative material. 

It is also preferable that the buffer layer comprises : plural 
generally column shaped electrically conductive layers, each of which has a 
first end fixed to an external electrode pad of the interconnection board and 
20 a second end directly fixed the external electrode ; a supporting plate 
having plural holes, into which the plural generally column shaped 
electrically conductive layers with the external electrodes are inserted, and 
the supporting plate extending in parallel to the second surface of the 
interconnection board to form an inter-space between the supporting plate 
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and the second surface of the interconnection board ; and a supporting 
sealing resin material filling the inter-space and surrounding both the plural 
generally column shaped electrically conductive layers and parts of the 
external electrodes so that the supporting sealing resin material is in tightly 
5 contact with the plural generally column shaped electrically conductive 
layers and the parts of the external electrodes for supporting the external 
electrodes. It is further preferable that the supporting sealing resin material 
is lower in rigidity than the plural generally column shaped electrically 
conductive layers so that the supporting sealing resin material is capable of 

10 absorbing and/or relaxing a stress applied to the external electrodes. 

It is also preferable that the plural generally column shaped 
electrically conductive layers are made of a metal. 

It is also preferable that the supporting sealing resin material is 
made of an organic insulative material. It is also preferable to further 

15 comprise a supporting layer on the second surface of the buffer layer for 
supporting the external electrode. 

It is also preferable that the supporting layer further comprises : a 
supporting plate having plural holes, into which the external electrodes are 
inserted, and the supporting plate extending in parallel to the second 

20 surface of the buffer layer to form an inter-space between the supporting 
plate and the second surface of the buffer layer ; and a supporting sealing 
resin material filling the inter-space and surrounding parts of the external 
electrodes so that the supporting sealing resin material is in tightly contact 
with the parts of the external electrodes for supporting the external 
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electrodes. 

It is also preferable that the at least semiconductor chip is bonded 
via bumps to the second surface of the interconnection board. It is further 
preferable that further comprising a sealing resin material provided on the 
5 first surface of the interconnection board for sealing the at least 
semiconductor chip and the bumps. It is preferable to further comprise at 
least a heat spreader provided on the at least semiconductor chip. 

It is also preferable that further comprising an under-fill resin 
material provided on the first surface of the interconnection board for 
3 10 sealing the at least semiconductor chip and the bumps. It is also preferable 

J to further comprise : a stiffener extending on a peripheral region of the 

m buffer layer ; and at least a heat spreader provided on the at least 

O 

□ semiconductor chip and on the stiffener. 

j^b The fourth present invention provides a semiconductor device 

O 

O 15 comprising : an interconnection board having first and second surfaces ; at 

O least a semiconductor chip mounted on the first surface of the 

interconnection board ; external electrodes fixed to external electrode pads 
on the second surface of the interconnection board ; and a supporting layer 
on the second surface of the interconnection board for supporting the 
20 external electrodes. 

It is also preferable that the supporting layer further comprises : a 
supporting plate having plural holes, into which the external electrodes are 
inserted, and the supporting plate extending in parallel to the second 
surface of the buffer layer to form an inter-space between the supporting 
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plate and the second surface of the buffer layer ; and a supporting sealing 
resin material filling the inter-space and surrounding parts of the external 
electrodes so that the supporting sealing resin material is in tightly contact 
with the parts of the external electrodes for supporting the external 
5 electrodes. 

It is also preferable that the at least semiconductor chip is bonded 
via bumps to the second surface of the interconnection board. It is further 
preferable that further comprising a sealing resin material provided on the 
first surface of the interconnection board for sealing the at least 

10 semiconductor chip and the bumps. It is preferable to further comprise at 
least a heat spreader provided on the at least semiconductor chip. It is also 
preferable to further comprise an under-fill resin material provided on the 
first surface of the interconnection board for sealing the at least 
semiconductor chip and the bumps. It is also preferable to further 

1 5 comprise : a stiffener extending on a peripheral region of the buffer layer ; 
and at least a heat spreader provided on the at least semiconductor chip and 
on the stiffener. 

It is also preferable that the external electrodes connected 
through plural generally column shaped electrically conductive layers to 
20 external electrode pads on the second surface of the interconnection board, 
and the supporting layer further comprises : a supporting plate having 
plural holes, into which the plural generally column shaped electrically 
conductive layers with the external electrodes are inserted, and the 
supporting plate extending in parallel to the second surface of the 
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interconnection board to form an inter-space between the supporting plate 
and the second surface of the interconnection board ; and a supporting 
sealing resin material filling the inter-space and surrounding both the plural 
generally column shaped electrically conductive layers and parts of the 
5 external electrodes so that the supporting sealing resin material is in tightly 
contact with the plural generally column shaped electrically conductive 
layers and the parts of the external electrodes for supporting the external 
electrodes. It is further preferable that the supporting sealing resin material 
is lower in rigidity than the plural generally column shaped electrically 
10 conductive layers so that the supporting sealing resin material is capable of 
absorbing and/or relaxing a stress applied to the external electrodes. 

It is also preferable that the plural generally column shaped 
electrically conductive layers are made of a metal. 

It is also preferable that the supporting sealing resin material is 
1 5 made of an organic insulative material. 

It is also preferable that the external electrode comprises a solder 

ball. 

It is also preferable that the external electrode comprises a pin 

electrode. 

20 It is also preferable that the external electrode comprises a 

coil-spring electrode. 

It is also preferable that the external electrode comprises a 
generally column shaped electrode. 

It is also preferable that the generally column shaped electrode 
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comprises a straight column shaped electrode which is uniform in 
horizontal cross sectional area from a bottom to a top thereof. 

It is also preferable that the generally column shaped electrode 
comprises a center-pinched column shaped electrode which decreases in 
5 horizontal cross sectional area toward an intermediate level thereof. 

The fifth present invention provides a method of forming an 
interconnection board, wherein during formation of the interconnection 
board, the interconnection board remains securely fixed to a high rigidity 
plate being higher in rigidity than the interconnection board for suppressing 
10 the interconnection board from being bent. 

It is preferable that the interconnection board comprises a 
multilayer interconnection board having a multilevel interconnection 
structure. 

It is also preferable to further comprise the step of : completely 
15 removing the high rigidity plate from the interconnection board, after the 
interconnection board is fabricated on the high rigidity plate. 

It is also preferable that the high rigidity plate is made of a metal. 
It is also preferable that the high rigidity plate is made of an 

alloy. 

20 It is also preferable that the high rigidity plate is made of a 

ceramic. 

It is also preferable that a base material of the interconnection 
board is an organic insulative material. 

It is further preferable that the organic material is a polymer resin 
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material. 

It is also preferable to further comprise the step of : selectively 
removing the high rigidity plate from the interconnection board to form 
plural generally column shaped electrically conductive layers on the 
5 interconnection board, after the interconnection board is fabricated on the 
high rigidity plate. 

It is also preferable to further comprise the step of : forming 
external electrodes on the plural generally column shaped electrically 
conductive layers so that the external electrodes are electrically connected 
10 through the plural generally column shaped electrically conductive layers 
to the interconnection board. 

It is also preferable to further comprise the step of : forming an 
stress absorption layer being lower in rigidity than the plural generally 
column shaped electrically conductive layers, which fills gaps between the 
15 plural generally column shaped electrically conductive layers, so that the 
stress absorption layer surrounds the plural generally column shaped 
electrically conductive layers, whereby the stress absorption layer is in 
tightly contact with the plural generally column shaped electrically 
conductive layers. 

20 It is also preferable to further comprise the step of : forming 

external electrodes on the plural generally column shaped electrically 
conductive layers so that the external electrodes are electrically connected 
through the plural generally column shaped electrically conductive layers 
to the interconnection board. 
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It is also preferable to further comprise the step of : forming a 
supporting plate having plural holes, into which the external electrodes are 
inserted, so that the supporting plate extends in parallel to the second 
surface of the buffer layer to form an inter-space between the supporting 
5 plate and the second surface of the buffer layer ; and forming a supporting 
sealing resin material which fills the inter-space and surrounding parts of 
the external electrodes so that the supporting sealing resin material is in 
tightly contact with the parts of the external electrodes for supporting the 
external electrodes. 

10 It is also preferable to further comprise the step of : completely 

removing the high rigidity plate from the interconnection board, after the 
interconnection board is fabricated on the high rigidity plate ; forming a 
supporting plate having plural holes, into which the external electrodes are 
inserted, so that the supporting plate extends in parallel to the second 

15 surface of the buffer layer to form an inter-space between the supporting 
plate and the second surface of the buffer layer ; and forming a supporting 
sealing resin material which fills the inter-space and surrounding parts of 
the external electrodes so that the supporting sealing resin material is in 
tightly contact with the parts of the external electrodes for supporting the 

20 external electrodes. 

It is also preferable to further comprise the step of : completely 
removing the high rigidity plate from the interconnection board, after the 
interconnection board is fabricated on the high rigidity plate ; bonding 
plural generally column shaped electrically conductive layers to the 
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interconnection board via an adhesive ; and forming external electrodes on 
the plural generally column shaped electrically conductive layers so that 
the external electrodes are electrically connected through the plural 
generally column shaped electrically conductive layers to the 
5 interconnection board. 

It is also preferable to further comprise the step of : forming a 
supporting plate having plural holes, into which the plural generally 
column shaped electrically conductive layers with the external electrodes 
are inserted, and the supporting plate extending in parallel to the second 

10 surface of the interconnection board to form an inter-space between the 
supporting plate and the second surface of the interconnection board ; and 
forming a supporting sealing resin material which fills the inter-space and 
surrounds both the plural generally column shaped electrically conductive 
layers and parts of the external electrodes so that the supporting sealing 

15 resin material is in tightly contact with the plural generally column shaped 
electrically conductive layers and the parts of the external electrodes for 
supporting the external electrodes. 

It is also preferable to further comprise the step of : mounting at 
least a semiconductor chip on the interconnection board ; and completely 

20 removing the high rigidity plate from the interconnection board. 

It is also preferable to further comprise the step of : mounting at 
least a semiconductor chip on the interconnection board ; forming at least a 
heat spreader on the at least semiconductor chip ; and completely removing 
the high rigidity plate from the interconnection board. 
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It is also preferable to further comprise the step of : mounting at 
least a semiconductor chip on the interconnection board ; and selectively 
removing the high rigidity plate from the interconnection board to form 
plural generally column shaped electrically conductive layers on the 
5 interconnection board. 

It is also preferable to further comprise the step of : mounting at 
least a semiconductor chip on the interconnection board ; forming at least a 
heat spreader on the at least semiconductor chip ; and selectively removing 
the high rigidity plate from the interconnection board to form plural 

C '3 

O 10 generally column shaped electrically conductive layers on the 

£i1 

'= j interconnection board. 

s 

p PREFERRED EMBODIMENT 

O 15 FIRST EMBODIMENT : 

p A first embodiment according to the present invention will be 

n: : S 

described in detail with reference to the drawings. FIG. 4 is a cross 
sectional elevation view illustrative of a semiconductor device having a 
multilayer interconnection board, on which a semiconductor chip is 
20 mounted in a first embodiment according to the present invention. A 
semiconductor device 32 has a multilayer interconnection board 3. A 
flip-chip semiconductor chip 2 is flip-mounted on the multilayer 
interconnection board 3, wherein a first surface of the flip-chip 
semiconductor chip 2 is electrically connected through bumps 14 to a first 
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surface of the multilayer interconnection board 3. A second surface of the 
multilayer interconnection board 3 has arrays of external electrode pads 17 
on which solder balls 13 are formed. A sealing resin material 15 is 
provided over the first surface of the multilayer interconnection board 3 for 
5 sealing the semiconductor chip 2 and the bumps 14. A heat conductive 
adhesive layer 41 is provided on a second surface of the semiconductor 
chip 2. A heat spreader 42 is provided on the heat conductive adhesive 
layer 41 so that the heat spreader 42 is adhered through the heat conductive 
adhesive layer 41 to the second surface of the semiconductor chip 2. The 
10 bumps 14 and the solder balls 13 are eclectically connected to each other 
through multilevel interconnections of the multilayer interconnection board 
3. 

FIG. 5 is a plane view illustrative of a second surface of the 
multilayer interconnection board of the semiconductor device shown in 

15 FIG. 4. The solder balls 13 are aligned in matrix over the second surface of 
the multilayer interconnection board 3 of the semiconductor device 3. 

FIG. 6 is a fragmentary cross sectional elevation view illustrative 
of multilayer structure of the multilayer interconnection board of the 
semiconductor device shown in FIG. 4. The multilayer interconnection 

20 board 3 comprises sequential laminations of multiple interconnection layers, 
for example, first, second, third, fourth and fifth interconnection layers 5, 6, 
7, 8 and 9. The second interconnection layer 6 is laminated on the first 
interconnection layer 5. The third interconnection layer 7 is laminated on 
the second interconnection layer 6. The fourth interconnection layer 8 is 
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laminated on the third interconnection layer 7. The fifth interconnection 
layer 9 is laminated on the fourth interconnection layer 8. The first 
interconnection layer 5 is in the second surface side of the multilayer 
interconnection board 3. The solder balls 13 are provided on the first 
5 interconnection layer 5. The fifth interconnection layer 9 is in the first 
surface side of the multilayer interconnection board 3. The bumps 14 are 
provided on the fifth interconnection layer 9. The first interconnection layer 
5 comprises a first level interconnection pattern 5-1, a first level insulating 
layer 5-2 and a first level contact layer 5-3, wherein the first level 

O 

3 10 interconnection pattern 5-1 is selectively formed in a bottom half region of 

fill 

! " j the first level insulating layer 5-2 and the first level contact layer 5-3 is 

th selectively formed in a top half region of the first level insulating layer 5-2, 

.it :k, 
U 

o so that the first level contact layer 5-3 is in contact with a part of the first 

l& level interconnection pattern 5-1. The second interconnection layer 6 

E} ,!S s 

O 15 comprises a second level interconnection pattern 6-1, a second level 

p insulating layer 6-2 and a second level contact layer 6-3, wherein the 

O 

second level interconnection pattern 6-1 is selectively formed in a bottom 
half region of the second level insulating layer 6-2 and the second level 
contact layer 6-3 is selectively formed in a top half region of the second 
20 level insulating layer 6-2, so that the second level contact layer 6-3 is in 
contact with a part of the second level interconnection pattern 6-1. The 
second interconnection layer 6 is laminated on the first interconnection 
layer 5, so that the second level interconnection pattern 6-1 is in contact 
with the first level contact layer 5-3 of the first interconnection layer 5, 
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whereby the second level interconnection pattern 6-1 is electrically 
connected through the first level contact layer 5-3 to the first level 
interconnection pattern 5-1 of the first interconnection layer 5. The third 
interconnection layer 7 comprises a third level interconnection pattern 7-1, 
5 a third level insulating layer 7-2 and a third level contact layer 7-3, wherein 
the third level interconnection pattern 7-1 is selectively formed in a bottom 
half region of the third level insulating layer 7-2 and the third level contact 
layer 7-3 is selectively formed in a top half region of the third level 
insulating layer 7-2, so that the third level contact layer 7-3 is in contact 

10 with a part of the third level interconnection pattern 7-1. The third 
interconnection layer 7 is laminated on the second interconnection layer 6, 
so that the third level interconnection pattern 7-1 is in contact with the 
second level contact layer 6-3 of the second interconnection layer 6, 
whereby the third level interconnection pattern 7-1 is electrically connected 

15 through the second level contact layer 6-3 to the second level 
interconnection pattern 6-1 of the second interconnection layer 6. The 
fourth interconnection layer 8 comprises a fourth level interconnection 
pattern 8-1, a fourth level insulating layer 8-2 and a fourth level contact 
layer 8-3, wherein the fourth level interconnection pattern 8-1 is selectively 

20 formed in a bottom half region of the fourth level insulating layer 8-2 and 
the fourth level contact layer 8-3 is selectively formed in a top half region 
of the fourth level insulating layer 8-2, so that the fourth level contact layer 
8-3 is in contact with a part of the fourth level interconnection pattern 8-1. 
The fourth interconnection layer 8 is laminated on the third interconnection 
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layer 7, so that the fourth level interconnection pattern 8-1 is in contact 
with the third level contact layer 7-3 of the third interconnection layer 7, 
whereby the fourth level interconnection pattern 8-1 is electrically 
connected through the third level contact layer 7-3 to the third level 
5 interconnection pattern 7-1 of the third interconnection layer 7. The fifth 
interconnection layer 9 comprises a fifth level interconnection pattern 9-1 
and a fifth level insulating layer 9-2 5 wherein the fifth level interconnection 
pattern 9-1 is selectively formed in a bottom half region of the fifth level 
insulating layer 9-2. The fifth interconnection layer 9 is laminated on the 

10 fourth interconnection layer 8, so that the fifth level interconnection pattern 
9-1 is in contact with the fourth level contact layer 8-3 of the fourth 
interconnection layer 8, whereby the fifth level interconnection pattern 9-1 
is electrically connected through the fourth level contact layer 8-3 to the 
fourth level interconnection pattern 8-1 of the fourth interconnection layer 

15 8. The above first, second third, fourth and fifth level interconnection 
patterns 5-1, 6-1, 7-1, 8-1 and 9-1 are connected to each other through the 
first, second, third and fourth level contact layers 5-3, 6-3, 7-3 and 8-3. 

FIGS. 7 A through 7Q are fragmentary cross sectional elevation 
views illustrative of a novel method of forming a semiconductor device 

20 having a multilayer interconnection board on which a semiconductor chip 
is mounted in a first embodiment in accordance with the present invention. 

With reference to FIG. 7 A, a high rigidity plate 16 is prepared. 
The high rigidity plate 16 may be made of any material having a high 
rigidity. Metals such as Cu-, Ni-, A1-, W-, Mo-, Au-, Ag- and Pt-based 



Page 35 



Pf-2683/nec/us/i 




metals, complex materials of different metals and ceramics are available for 
the high rigidity plate 16. 

With reference to FIG. 7B, an adhesive metal layer of a metal 
such as a Ti-base alloy, a Cr-base alloy, a Mo-base alloy, and a W-base 
5 alloy is formed on a first surface of the high rigidity plate 16 by a 
sputtering method. An electrode material layer of a metal such as Cu, Al, 
and Ni is then formed on the adhesive metal layer by a sputtering method 
to form laminations of the adhesive metal layer and the electrode material 
layer. A resist film is then applied on the laminations of the adhesive metal 

O 

o 10 layer and the electrode material layer. The resist film is then patterned by 

an exposure and a subsequent development to form a resist pattern. A 

irt selective wet etching process or a selective dry etching process to the 

laminations of the adhesive metal layer and the electrode material layer is 

M, carried out by use of the resist pattern as a mask so as to pattern the 

p 15 laminations of the adhesive metal layer and the electrode material layer, 

o whereby external electrode pads 17-1 are selectively formed on the first 

O 

surface of the high rigidity plate 16. The used resist pattern is then 
removed. 

If a minimum pitch of the external electrode pads 17-1 is not so 
20 narrow, then it is possible as a modification that a resist is coated directly 
on the first surface of the high rigidity plate 16 and then patterned by an 
exposure and a development to form a resist pattern before a selective 
electroplating of metal is then carried out by use of the resist pattern as a 
mask, followed by removal of the used resist pattern. 
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With reference to FIG. 7C, an insulative resin thin film 18-1 is 
then formed over the external electrode pads 17-1 and the first surface of 
the high rigidity plate 16. The insulative resin thin film 18-1 may comprise 
a polyimide based resin thin film which may be formed by a spin coating 
5 method, a chemical vapor deposition method or a physical vapor deposition 
method. In place of the polyimide based resin, silicon dioxide based 
inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 

10 insulative resin thin film 18-1. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. 

With reference to FIG. 7D, the insulative resin thin film 18-1 is 
selectively removed to form openings 19-1 in the insulative resin thin film 

15 18-1 and over the external electrode pads 17-1. A resist film is applied on 
the insulative resin thin film 18-1 and then patterned by an exposure and a 
subsequent development to form a resist pattern on the insulative resin thin 
film 18-1. If the insulative resin thin film 18-1 is made of a material which 
is removable by a chemical etching process, the insulative resin thin film 

20 18-1 is selectively removed by a wet etching by use of the resist pattern as 
a mask to form the openings 19-1 in the insulative resin thin film 18-1. If 
the insulative resin thin film 18-1 is made of a material which is 
unremovable by the chemical etching process, the insulative resin thin film 
18-1 is selectively removed by a dry etching by use of the resist pattern as a 
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mask to form the openings 19-1 in the insulative resin thin film 18-1. The 
external electrode pads 17-1 are partially shown through the openings 19-1 
formed in the insulative resin thin film 18-1. The used resist pattern is then 
removed. 

5 With reference to FIG. 7E, an adhesive metal thin film 21a is 

entirely formed which extends on the surface of the insulative resin thin 
film 18-1 and the shown parts of the external electrode pads 17-1 by a 
sputtering method. The adhesive metal thin film 21a may be made of a 
Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 

10 Subsequently, a metal electrode thin film 21b is also entirely formed on the 
adhesive metal thin film 21a by a sputtering method, a chemical vapor 
deposition or an electroless plating method. The metal electrode thin film 
21b may be made of Cu, Al or Ni. Laminations of the adhesive metal thin 
film 21a and the metal electrode thin film 21b form a metal thin film 21 

15 which extends on the surface of the insulative resin thin film 18-1 and 
within the openings 19-1 over the external electrode pads 17-1. 

With reference to FIG. 7F, a resist film is entirely formed on the 
metal thin film 21 and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film 21. The metal 

20 thin film 21 is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-1 in the 
openings 19-1 and metal thin film interconnection layers 22-1 over the 
insulative resin thin film 18-1, wherein the metal thin film interconnection 
layers 22-1 are in contact directly with the metal thin film contact layers 
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23-1, so that the metal thin film interconnection layers 22-1 are electrically 
connected through the metal thin film contact layers 23-1 to the external 
electrode pads 17-1. The used resist mask is then removed. The external 
electrode pads 17-1 shown in FIG. 7F correspond to the first level 
interconnection pattern 5-1 of the first interconnection layer 5 shown in 
FIG. 6. The insulative resin thin film 18-1 shown in FIG. 7F also 
corresponds to the first level insulating layer 5-2 of the first interconnection 
layer 5 shown in FIG. 6. The metal thin film contact layers 23-1 shown in 
FIG. 7F also corresponds to the first level contact layer 5-3 of the first 
interconnection layer 5. The metal thin film interconnection layers 22-1 
shown in FIG. 7F also corresponds to the second level interconnection 
pattern 6-1 of the second interconnection layer 6. 

If the pattern pitch of the metal thin film interconnection layers 
22-1 is not so narrow, then it is possible as a modification that after the 
metal thin film 21 has been formed, then the resist pattern is formed on the 
metal thin film 21 so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film 21. The used resist mask is then removed. The 
metal thin film 21 is then selectively etched by use of the Cu-plated 
patterns as a mask thereby to form the metal thin film interconnection 
layers 22-1 over the insulative resin thin film 18-1 and the metal thin film 
contact layers 23-1 in the openings 19-1. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the 
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metal thin film interconnection layers 22-1 are not more than 1 
micrometers. 

With reference to FIG. 7G, an insulative resin thin film 18-2 is 
then formed over the metal thin film interconnection layers 22-1 and the 
5 insulative resin thin film 18-1. The insulative resin thin film 18-2 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 

10 silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-2. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 

15 insulative resin thin film 18-2 is selectively removed to form openings 19-2 
in the insulative resin thin film 18-2 and over the metal thin film 
interconnection layers 22-1. A resist film is applied on the insulative resin 
thin film 18-2 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-2. 

20 If the insulative resin thin film 18-2 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 1 8-2 
is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-2 in the insulative resin thin film 18-2. If the 
insulative resin thin film 18-2 is made of a material which is unremovable 
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by the chemical etching process, the insulative resin thin film 18-2 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-2 in the insulative resin thin film 18-2. The metal 
thin film interconnection layers 22-1 are partially shown through the 
5 openings 19-2 formed in the insulative resin thin film 18-2. The used resist 
pattern is then removed. 

With reference to FIG. 7H, an adhesive metal thin film is entirely 
formed which extends on the surface of the insulative resin thin film 18-2 
and the shown parts of the metal thin film interconnection layers 22-1 by a 

10 sputtering method. The adhesive metal thin film may be made of a Ti-based 
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently, 
a metal electrode thin film is also entirely formed on the adhesive metal 
thin film by a sputtering method, a chemical vapor deposition or an 
electroless plating method. The metal electrode thin film may be made of 

15 Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal 
electrode thin film form a metal thin film which extends on the surface of 
the insulative resin thin film 18-2 and within the openings 19-2 over the 
metal thin film interconnection layers 22-1. A resist film is entirely formed 
on the metal thin film and then patterned by an exposure and a subsequent 

20 development to form a resist pattern over the metal thin film. The metal 
thin film is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-2 in the 
openings 19-2 and metal thin film interconnection layers 22-2 over the 
insulative resin thin film 18-2, wherein the metal thin film interconnection 
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layers 22-2 are in contact directly with the metal thin film contact layers 
23-2, so that the metal thin film interconnection layers 22-2 are electrically 
connected through the metal thin film contact layers 23-2 to the metal thin 
film interconnection layers 22-1. The used resist mask is then removed. 
5 The metal thin film interconnection layers 22-1 shown in FIG. 7H 
correspond to the second level interconnection pattern 6-1 of the second 
interconnection layer 6 shown in FIG. 6. The insulative resin thin film 18-2 
shown in FIG. 7H also corresponds to the second level insulating layer 6-2 
of the second interconnection layer 6 shown in FIG. 6. The metal thin film 

10 contact layers 23-2 shown in FIG. 7H also corresponds to the second level 
contact layer 6-3 of the second interconnection layer 6. The metal thin film 
interconnection layers 22-2 shown in FIG. 7H also corresponds to the third 
level interconnection pattern 7-1 of the third interconnection layer 7. 

If the pattern pitch of the metal thin film interconnection layers 

15 22-2 is not so narrow, then it is possible as a modification that after the 
metal thin film has been formed, then the resist pattern is formed on the 
metal thin film so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film. The used resist mask is then removed. The metal 

20 thin film is then selectively etched by use of the Cu-plated patterns as a 
mask thereby to form the metal thin film interconnection layers 22-2 over 
the insulative resin thin film 18-2 and the metal thin film contact layers 
23-2 in the openings 19-2. 

In accordance with the above described method and its 
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modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-2 are not more than 1 
micrometers. 

With reference to FIG. 71, an insulative resin thin film 18-3 is 
5 then formed over the metal thin film interconnection layers 22-2 and the 
insulative resin thin film 18-2. The insulative resin thin film 18-3 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 

10 based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-3. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 

1 5 inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 18-3 is selectively removed to form openings 19-3 
in the insulative resin thin film 18-3 and over the metal thin film 
interconnection layers 22-2. A resist film is applied on the insulative resin 
thin film 18-3 and then patterned by an exposure and a subsequent 

20 development to form a resist pattern on the insulative resin thin film 18-3. 
If the insulative resin thin film 18-3 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 1 8-3 
is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-3 in the insulative resin thin film 18-3. If the 



Page 43 



Pf-2683/nec/us/i 




insulative resin thin film 18-3 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-3 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-3 in the insulative resin thin film 18-3. The metal 
5 thin film interconnection layers 22-2 are partially shown through the 
openings 19-3 formed in the insulative resin thin film 18-3. The used resist 
pattern is then removed. 

With reference to FIG. 7J, an adhesive metal thin film is entirely 
formed which extends on the surface of the insulative resin thin film 1 8-3 

10 and the shown parts of the metal thin film interconnection layers 22-2 by a 
sputtering method. The adhesive metal thin film may be made of a Ti-based 
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently, 
a metal electrode thin film is also entirely formed on the adhesive metal 
thin film by a sputtering method, a chemical vapor deposition or an 

15 electroless plating method. The metal electrode thin film may be made of 
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal 
electrode thin film form a metal thin film which extends on the surface of 
the insulative resin thin film 18-3 and within the openings 19-3 over the 
metal thin film interconnection layers 22-2. A resist film is entirely formed 

20 on the metal thin film and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film. The metal 
thin film is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-3 in the 
openings 19-3 and metal thin film interconnection layers 22-3 over the 



Page 44 



Pf-2683/nec/us/i 




insulative resin thin film 18-3, wherein the metal thin film interconnection 
layers 22-3 are in contact directly with the metal thin film contact layers 
23-3, so that the metal thin film interconnection layers 22-3 are electrically 
connected through the metal thin film contact layers 23-3 to the metal thin 
5 film interconnection layers 22-2. The used resist mask is then removed. 
The metal thin film interconnection layers 22-2 shown in FIG. 7 J 
correspond to the third level interconnection pattern 7-1 of the third 
interconnection layer 7 shown in FIG. 6. The insulative resin thin film 18-3 
shown in FIG. 7J also corresponds to the third level insulating layer 7-2 of 

10 the third interconnection layer 7 shown in FIG. 6. The metal thin film 
contact layers 23-3 shown in FIG. 7J also corresponds to the third level 
contact layer 7-3 of the third interconnection layer 7. The metal thin film 
interconnection layers 22-3 shown in FIG. 7J also corresponds to the fourth 
level interconnection pattern 8-1 of the third interconnection layer 8. 

15 If the pattern pitch of the metal thin film interconnection layers 

22- 3 is not so narrow, then it is possible as a modification that after the 
metal thin film has been formed, then the resist pattern is formed on the 
metal thin film so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 

20 over the metal thin film. The used resist mask is then removed. The metal 
thin film is then selectively etched by use of the Cu-plated patterns as a 
mask thereby to form the metal thin film interconnection layers 22-3 over 
the insulative resin thin film 18-3 and the metal thin film contact layers 

23- 3 in the openings 19-3. 
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In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-3 are not more than 1 
micrometers. 

5 With reference to FIG. 7K, an insulative resin thin film 18-4 is 

then formed over the metal thin film interconnection layers 22-3 and the 
insulative resin thin film 18-3. The insulative resin thin film 18-4 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 

10 deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-4. If a fine pattern of not more than 1.0 

15 micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 18-4 is selectively removed to form openings 19-4 
in the insulative resin thin film 18-4 and over the metal thin film 
interconnection layers 22-3. A resist film is applied on the insulative resin 

20 thin film 18-4 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-4. 
If the insulative resin thin film 18-4 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 18-4 
is selectively removed by a wet etching by use of the resist pattern as a 
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mask to form the openings 19-4 in the insulative resin thin film 18-4. If the 
insulative resin thin film 18-4 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-4 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
5 to form the openings 19-4 in the insulative resin thin film 18-3. The metal 
thin film interconnection layers 22-3 are partially shown through the 
openings 19-4 formed in the insulative resin thin film 18-4. The used resist 
pattern is then removed. 

With reference to FIG. 7L, an adhesive metal thin film is entirely 

10 formed which extends on the surface of the insulative resin thin film 18-4 
and the shown parts of the metal thin film interconnection layers 22-3 by a 
sputtering method. The adhesive metal thin film may be made of a Ti-based 
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently, 
a metal electrode thin film is also entirely formed on the adhesive metal 

15 thin film by a sputtering method, a chemical vapor deposition or an 
electroless plating method. The metal electrode thin film may be made of 
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal 
electrode thin film form a metal thin film which extends on the surface of 
the insulative resin thin film 18-4 and within the openings 19-4 over the 

20 metal thin film interconnection layers 22-3. A resist film is entirely formed 
on the metal thin film and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film. The metal 
thin film is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-4 in the 
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openings 19-4 and pad electrodes 22-4 over the insulative resin thin film 
18-4, wherein the pad electrodes 22-4 are in contact directly with the metal 
thin film contact layers 23-4, so that the pad electrodes 22-4 are electrically 
connected through the metal thin film contact layers 23-4 to the metal thin 
5 film interconnection layers 22-3. The used resist mask is then removed. 
The metal thin film interconnection layers 22-3 shown in FIG. 7L 
correspond to the fourth level interconnection pattern 8-1 of the fourth 
interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4 
shown in FIG. 7L also corresponds to the fourth level insulating layer 8-2 

10 of the fourth interconnection layer 8 shown in FIG. 6. The metal thin film 
contact layers 23-4 shown in FIG. 7L also corresponds to the fourth level 
contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes 
22-4 shown in FIG. 7L also corresponds to the fifth level interconnection 
pattern 9-1 of the fifth interconnection layer 9. 

15 If the pattern pitch of the pad electrodes 22-4 is not so narrow, 

then it is possible as a modification that after the metal thin film has been 
formed, then the resist pattern is formed on the metal thin film so that a 
selective electroplating of metal such as Cu is carried out by use of the 
resist pattern as a mask to form Cu-plated patterns over the metal thin film. 

20 The used resist mask is then removed. The metal thin film is then 
selectively etched by use of the Cu-plated patterns as a mask thereby to 
form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the 
metal thin film contact layers 23-4 in the openings 19-4. 

In accordance with the above described method and its 
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modification, it is possible that the thicknesses of the resist film and the pad 
electrodes 22-4 are not more than 1 micrometers. 

With reference to FIG. 7M, a solder resist film 24 is then formed 
over the pad electrodes 22-4 and the insulative resin thin film 18-4 in order 
5 to protect the multilayer interconnection board 3 having the pad electrodes 
24. The solder resist film 24 shown in FIG. 7M corresponds to the fifth 
level insulating layer 9-2 of the fifth interconnection layer 9 shown in FIG. 
6. The solder resist film 24 may comprise an organic insulating film such 
an epoxy resin film containing an inorganic filler such as fine powders of 

10 silicon dioxide. Alternatively, the solder resist film 24 may be made of a 
material which has a large resistivity to external chemical stress, and a 
large resistivity to a Flux cleaning solution or an Au plating solution as 
well as a high adhesiveness to a sealing material such as an under-fill 
material. If the above first to fourth insulative resin thin films 18-1, 18-2, 

15 18-3 and 18-4 are highly resistive to the chemical and chemical stresses, it 
is possible as a modification to eliminate the formation of the solder resist 
film 24. The solder resist film 24 is selectively removed to form openings 
24a in the solder resist film 24 and over the pad electrodes 22-4. If the 
solder resist film 24 is made of a non-photosensitive material, a resist film 

20 is applied on the solder resist film 24 and then patterned by an exposure 
and a subsequent development to form a resist pattern on the solder resist 
film 24, so that the solder resist film 24 is selectively removed by a wet 
etching by use of the resist pattern as a mask to form the openings 24a in 
the solder resist film 24, followed by removal of the used resist pattern. If 
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the solder resist film 24 is made of a photosensitive material, then the 
solder resist film 24 is directly patterned by an exposure and a subsequent 
development to form the openings 24a in the solder resist film 24. The 
electrode pads 22-4 are partially shown through the openings 24a formed in 
5 the solder resist film 24. 

With reference to FIG. 7N, the high rigidity plate 16 is 
completely removed by an etching process, whereby the multilayer 
interconnection board 3 remains. The external electrode pads 17-1 in the 
first interconnection layer 5 and the pad electrodes 22-4 in the fifth 

10 interconnection layer 9 are then subjected to an electroless plating for 
plating laminated Ni and Au layers or laminated Zn, Ni and Au layers on 
the external electrode pads 17-1 and the pad electrodes 22-4 in order to 
improve a bonding property between the external electrode pads 17-1 and 
also a bonding property between the pad electrodes 22-4 and the bumps 14 

15 of the semiconductor chip 2. As a result, the multilayer interconnection 
board 3 is completed, which comprises plural unit multilayer 
interconnection boards. A test for electrical characteristics of the multilayer 
interconnection board 3 is then made, so that only quality-confirmed units 
in the plural unit multilayer interconnection boards in the electrical 

20 characteristic test are then subjected to a mounting process for mounting 
semiconductor chips thereon. 

With reference to FIG. 70, semiconductor chips 2 are mounted 
on the multilayer interconnection board 3, wherein the semiconductor chips 
2 have the plural bumps 14, and the plural bumps 14 are made into contact 
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with the electrode pads 22-4 of the multilayer interconnection board 3, so 
that the semiconductor chips 2 are electrically connected through the plural 
bumps 14 to the multilayer interconnection board 3. If the bumps 14 are 
made of a metal based solder material such as Sn or Pb, a flip-chip bonding 
5 utilizing a heat re-flow process using Flux is available for bonding the 
plural bumps 14 to the electrode pads 22-4 of the multilayer 
interconnection board 3. If the bumps 14 are made of a metal based solder 
material such as Au or In, a flip-chip bonding utilizing a 
thermo-compression bonding is available for bonding the plural bumps 14 

10 to the electrode pads 22-4 of the multilayer interconnection board 3. 

With reference to FIG. 7P, an insulative resin material 31 is 
formed which coats side walls of the semiconductor chips 2, an inter-space 
between the semiconductor chips 2 and the multilayer interconnection 
board 3 around the bumps 14 and the surface of the solder resist film 24 of 

15 the multilayer interconnection board 3 in order to protect the 
semiconductor chips 2, the bumps 14 and the multilayer interconnection 
board 3. This coating process is carried out by use of a resin injection 
technique involving a vacuum sealing technique or a transfer sealing 
technique. The insulative resin material 3 1 may be made of one of epoxy 

20 resin materials, silicone resin materials, polyimide resin materials, 
polyolefin resin materials, cyanate ester resin materials, phenol resin 
materials and naphthalene resin materials. 

With reference to FIG. 7Q, solder balls 13 are formed which are 
in contact directly with the external electrode pads 17-1 of the multilayer 
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interconnection board 3 to form a semiconductor device 1 having the 
multilayer interconnection board 3 and the plural semiconductor chips 2 
mounted thereon. The solder balls 13 serve as external terminals. The 
solder balls 13 may be made of a metal based material such as Sn or Pb. 
5 The solder balls 13 may also be free of lead. The solder balls 13 may be 
made of an electrically conductive material having a low melting point, a 
high heat conductivity and a rapid solidity as well as a large surface tension 
so that the electrically conductive material becomes in the form of balls. 
The semiconductor device 1 is then diced by use of a dicing blade to divide 
10 the semiconductor device 1 into plural unit semiconductor devices 32 or 
flip-chip semiconductor devices 32, each of which comprises the multilayer 
interconnection board 3 and the single semiconductor chip 2 mounted 
thereon. 

With reference back to FIG. 4, a heat conductive adhesive layer 
15 41 is provided on a top surface of the semiconductor chip 2. A heat 
spreader 42 is provided on the heat conductive adhesive layer 41 so that the 
heat spreader 42 is adhered through the heat conductive adhesive layer 41 
to the top surface of the semiconductor chip 2. A heat generated in the 
semiconductor chip 2 is conducted through the heat conductive adhesive 
20 layer 41 to the heat spreader 42 for causing a heat radiation from the heat 
spreader 42. The heat spreader 42 may be made of a heat conductive 
material such as a metal base material, for example, Cu, Al, W, Mo, Fe, Ni, 
and Cr, or A1203, A1N, SiC, other ceramics such as mullite. The heat 
conductive adhesive layer 41 may be made of a resin based material 
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containing a heat conductive material, wherein the resin based material 
may be one of epoxy resin materials, silicone resin materials, polyimide 
resin materials, polyolefin resin materials, cyanate ester resin materials, 
phenol resin materials and naphthalene resin materials, whilst the heat 
5 conductive material may be one of Ag, Pd, Cu, Al, Au, Mo, W, diamond, 
A1203, A1N, and ceramic materials such as mullite, BN and SiC. 

The flip-chip is usually applied to a high speed logic device 
having a large number of pins, for which reason the heat radiation from the 
semiconductor chip 2 is important. In this embodiment, the heat spreader 

10 42 is provided to improve the heat radiation characteristic of the flip-chip 
semiconductor device 32. 

In accordant with the present invention, the base material of the 
multilayer interconnection board is not largely different in thermal 
expansion coefficient from the semiconductor chip to reduce a stress 

15 applied between the multilayer interconnection board and the 
semiconductor chip, thereby keeping a high reliability in connection 
between the multilayer interconnection board and the semiconductor chip. 
The reduction in stress applied between the multilayer interconnection 
board and the semiconductor chip makes it unnecessary to increase the 

20 thicknesses of the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 
for stress relaxation, but makes it possible that the thicknesses of the 
multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 are thin, for 
example, not more than 1 micrometer. A metallization technique for the 
semiconductor wafer and an apparatus therefor are utilized for allowing the 
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resist films and the multilevel interconnections 17-1, 2-1, 22-2 5 22-3 and 24 
to be patterned finely, thereby permitting a further shrinkage of the 
interconnection patterns. 

Further, the multilayer interconnection board remains adhered or 
5 fixed to the high rigidity plate such as the metal plate during when the 
multilayer interconnection board is formed, so that the high rigidity plate 
provides or ensures a high planarity to the multilayer interconnection board. 
Even the high rigidity plate is different in linear expansion coefficient from 
the multilayer interconnection board, the high rigidity plate suppresses 

10 generation of internal stress in the multilayer interconnection board and 
expansion of the multilayer interconnection board, so that the high rigidity 
plate suppresses the multilayer interconnection board from being bent, 
whereby the multilayer interconnection board is free from any 
misalignment in patterning the insulating layers and the interconnection 

1 5 layers, resulting in a high yield of the flip-chip semiconductor device. 

As described above, the high rigidity plate is necessary or 
important for keeping the multilayer interconnection board to have the high 
planarity until the multilayer interconnection board is completed. 
Notwithstanding, the high rigidity plate is not necessarily needed to the 

20 final product, for example, the flip- chip semiconductor device, for which 
reason as described above, after the multilayer interconnection board has 
been completed, then the high rigidity plate is removed. After the high 
rigidity plate is removed from the bottom surface of the multilayer 
interconnection board, then the bottom surface of the multilayer 
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interconnection board is shown, for which reason the bottom or first 
insulating layer of the multilayer interconnection board may preferably be 
made of an insulating material such as an organic material which has a 
flexibility to an externally applied stress. 
5 Accordingly, the single multilayer interconnection board is 

adhered or fixed to the one side of the high rigidity plate to form an 
asymmetric structure. The high rigidity plate prevents the multilayer 
interconnection board from being bent during the fabrication of the 
multilayer interconnection board. If the multilayer interconnection boards 

10 are adhered or fixed to both surfaces of the high rigidity plate, then it is 
necessary to form through holes in the high rigidity plate. In accordance 
with the present invention, however, it is unnecessary to form such the 
through holes in the high rigidity plate, whereby there are raised no 
problem with defect of the final product due to dusts generated in forming 

1 5 the through holes in the high rigidity plate nor problem with increase in the 
manufacturing cost due to additional process for forming the through holes 
in the high rigidity plate. 

In the above embodiment, the high rigidity plate is removed after 
the multilayer interconnection board is completed and before the 

20 semiconductor chips are mounted on the multilayer interconnection board. 

It is, however, possible to remove the high rigidity plate from the 
multilayer interconnection board after the semiconductor chips have been 
mounted on the multilayer interconnection board. When the semiconductor 
chips are mounted on the multilayer interconnection board, the multilayer 
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interconnection board still remains adhered or fixed to the high rigidity 
plate, so that in order to ensure or keep the high planarity of the multilayer 
interconnection board, the high rigidity plate suppresses various strains of 
the entire or part of the multilayer interconnection board and the 
5 semiconductor chips due to mechanical and thermal stresses applied to the 
multilayer interconnection board and the semiconductor chips. These 
processes will be described in detail in the following second embodiment. 

It is, also, possible to remove the high rigidity plate from the 
multilayer interconnection board after the heat spreader has been adhered 

10 through the heat conductive adhesive layer to the semiconductor chips 
mounted on the multilayer interconnection board and before the solder 
balls are formed. When the semiconductor chips are mounted on the 
multilayer interconnection board and then the heat spreader are then 
adhered through the heat conductive adhesive layer to the semiconductor 

15 chips mounted on the multilayer interconnection board, the multilayer 
interconnection board still remains adhered or fixed to the high rigidity 
plate, so that in order to ensure or keep the high planarity of the multilayer 
interconnection board, the high rigidity plate suppresses various strains of 
the entire or part of the multilayer interconnection board and the 

20 semiconductor chips due to mechanical and thermal stresses applied to the 
multilayer interconnection board and the semiconductor chips. These 
processes will be described in detail in the following second embodiment. 

Furthermore, in the end user's side, the above flip-chip 
semiconductor device 32 is mounted through the solder balls 13 to a circuit 
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board which is not illustrated. The solder balls 13 have a small stand-off 
height which is insufficient for relaxation of the stress applied between the 
above flip-chip semiconductor device 32 and the circuit board. Other novel 
technique for solving this disadvantage will be described in the following 
5 fourth embodiment. 

Accordingly, it is possible to remove the high rigidity plate from 
the multilayer interconnection board any times after the multilayer 
interconnection board has been completed and before the solder balls are 
formed. 

10 

SECOND EMBODIMENT : 

A second embodiment according to the present invention will be 

described in detail with reference to the drawings. The second embodiment 

is different from the first embodiment only in the fabrication processes for 
15 the flip-chip semiconductor device 32, for which reason the following 

descriptions will focus on the fabrication processes and the description of 

the structure of the flip-chip semiconductor device 32 will be omitted. 

FIGS. 8 A through 8Q are fragmentary cross sectional elevation 

views illustrative of a novel method of forming a semiconductor device 
20 having a multilayer interconnection board on which a semiconductor chip 

is mounted in a second embodiment in accordance with the present 

invention. 

With reference to FIG. 8 A, a high rigidity plate 16 is prepared. 
The high rigidity plate 16 may be made of any material having a high 
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rigidity. Metals such as Cu-, Ni-, A1-, W-, Mo-, Au-, Ag- and Pt-based 
metals, complex materials of different metals and ceramics are available for 
the high rigidity plate 16. 

With reference to FIG. 8B, an adhesive metal layer of a metal 
5 such as a Ti-base alloy, a Cr-base alloy, a Mo-base alloy, and a W-base 
alloy is formed on a first surface of the high rigidity plate 16 by a 
sputtering method. An electrode material layer of a metal such as Cu, Al, 
and Ni is then formed on the adhesive metal layer by a sputtering method 
to form laminations of the adhesive metal layer and the electrode material 

10 layer. A resist film is then applied on the laminations of the adhesive metal 
layer and the electrode material layer. The resist film is then patterned by 
an exposure and a subsequent development to form a resist pattern. A 
selective wet etching process or a selective dry etching process to the 
laminations of the adhesive metal layer and the electrode material layer is 

15 carried out by use of the resist pattern as a mask so as to pattern the 
laminations of the adhesive metal layer and the electrode material layer, 
whereby external electrode pads 17-1 are selectively formed on the first 
surface of the high rigidity plate 16. The used resist pattern is then 
removed. 

20 If a minimum pitch of the external electrode pads 17-1 is not so 

narrow, then it is possible as a modification that a resist is coated directly 
on the first surface of the high rigidity plate 16 and then patterned by an 
exposure and a development to form a resist pattern before a selective 
electroplating of metal is then carried out by use of the resist pattern as a 
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mask, followed by removal of the used resist pattern. 

With reference to FIG. 8C, an insulative resin thin film 18-1 is 
then formed over the external electrode pads 17-1 and the first surface of 
the high rigidity plate 16. The insulative resin thin film 18-1 may comprise 
5 a polyimide based resin thin film which may be formed by a spin coating 
method, a chemical vapor deposition method or a physical vapor deposition 
method. In place of the polyimide based resin, silicon dioxide based 
inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 

10 phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-1. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. 

With reference to FIG. 8D, the insulative resin thin film 18-1 is 

15 selectively removed to form openings 19-1 in the insulative resin thin film 
18-1 and over the external electrode pads 17-1. A resist film is applied on 
the insulative resin thin film 18-1 and then patterned by an exposure and a 
subsequent development to form a resist pattern on the insulative resin thin 
film 18-1. If the insulative resin thin film 18-1 is made of a material which 

20 is removable by a chemical etching process, the insulative resin thin film 
18-1 is selectively removed by a wet etching by use of the resist pattern as 
a mask to form the openings 19-1 in the insulative resin thin film 18-1. If 
the insulative resin thin film 18-1 is made of a material which is 
unremovable by the chemical etching process, the insulative resin thin film 
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18-1 is selectively removed by a dry etching by use of the resist pattern as a 
mask to form the openings 19-1 in the insulative resin thin film 18-1. The 
external electrode pads 17-1 are partially shown through the openings 19-1 
formed in the insulative resin thin film 18-1. The used resist pattern is then 
5 removed. 

With reference to FIG. 8E, an adhesive metal thin film 21a is 
entirely formed which extends on the surface of the insulative resin thin 
film 18-1 and the shown parts of the external electrode pads 17-1 by a 
sputtering method. The adhesive metal thin film 21a may be made of a 

10 Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 
Subsequently, a metal electrode thin film 21b is also entirely formed on the 
adhesive metal thin film 21a by a sputtering method, a chemical vapor 
deposition or an electroless plating method. The metal electrode thin film 
21b may be made of Cu, Al or Ni. Laminations of the adhesive metal thin 

15 film 21a and the metal electrode thin film 21b form a metal thin film 21 
which extends on the surface of the insulative resin thin film 18-1 and 
within the openings 19-1 over the external electrode pads 17-1. 

With reference to FIG. 8F, a resist film is entirely formed on the 
metal thin film 21 and then patterned by an exposure and a subsequent 

20 development to form a resist pattern over the metal thin film 21. The metal 
thin film 21 is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-1 in the 
openings 19-1 and metal thin film interconnection layers 22-1 over the 
insulative resin thin film 18-1, wherein the metal thin film interconnection 
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layers 22-1 are in contact directly with the metal thin film contact layers 
23-1, so that the metal thin film interconnection layers 22-1 are electrically 
connected through the metal thin film contact layers 23-1 to the external 
electrode pads 17-1. The used resist mask is then removed. The external 
5 electrode pads 17-1 shown in FIG. 8F correspond to the first level 
interconnection pattern 5-1 of the first interconnection layer 5 shown in 
FIG. 6. The insulative resin thin film 18-1 shown in FIG. 8F also 
corresponds to the first level insulating layer 5-2 of the first interconnection 
layer 5 shown in FIG. 6. The metal thin film contact layers 23-1 shown in 

10 FIG. 8F also corresponds to the first level contact layer 5-3 of the first 
interconnection layer 5. The metal thin film interconnection layers 22-1 
shown in FIG. 8F also corresponds to the second level interconnection 
pattern 6-1 of the second interconnection layer 6. 

If the pattern pitch of the metal thin film interconnection layers 

15 22-1 is not so narrow, then it is possible as a modification that after the 
metal thin film 2 1 has been formed, then the resist pattern is formed on the 
metal thin film 21 so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film 21. The used resist mask is then removed. The 

20 metal thin film 21 is then selectively etched by use of the Cu-plated 
patterns as a mask thereby to form the metal thin film interconnection 
layers 22-1 over the insulative resin thin film 18-1 and the metal thin film 
contact layers 23-1 in the openings 19-1. 

In accordance with the above described method and its 
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modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-1 are not more than 1 
micrometers. 

With reference to FIG. 8G, an insulative resin thin film 18-2 is 
5 then formed over the metal thin film interconnection layers 22-1 and the 
insulative resin thin film 18-1. The insulative resin thin film 18-2 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 

1 0 based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-2. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 

1 5 inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 18-2 is selectively removed to form openings 19-2 
in the insulative resin thin film 18-2 and over the metal thin film 
interconnection layers 22- 1 . A resist film is applied on the insulative resin 
thin film 18-2 and then patterned by an exposure and a subsequent 

20 development to form a resist pattern on the insulative resin thin film 18-2. 
If the insulative resin thin film 18-2 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 1 8-2 
is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-2 in the insulative resin thin film 18-2. If the 
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insulative resin thin film 18-2 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-2 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-2 in the insulative resin thin film 18-2. The metal 
5 thin film interconnection layers 22-1 are partially shown through the 
openings 19-2 formed in the insulative resin thin film 18-2. The used resist 
pattern is then removed. 

With reference to FIG. 8H, an adhesive metal thin film is entirely 
formed which extends on the surface of the insulative resin thin film 1 8-2 

10 and the shown parts of the metal thin film interconnection layers 22-1 by a 
sputtering method. The adhesive metal thin film may be made of a Ti-based 
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently, 
a metal electrode thin film is also entirely formed on the adhesive metal 
thin film by a sputtering method, a chemical vapor deposition or an 

15 electroless plating method. The metal electrode thin film may be made of 
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal 
electrode thin film form a metal thin film which extends on the surface of 
the insulative resin thin film 18-2 and within the openings 19-2 over the 
metal thin film interconnection layers 22- 1 . A resist film is entirely formed 

20 on the metal thin film and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film. The metal 
thin film is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-2 in the 
openings 19-2 and metal thin film interconnection layers 22-2 over the 
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insulative resin thin film 18-2, wherein the metal thin film interconnection 
layers 22-2 are in contact directly with the metal thin film contact layers 
23-2, so that the metal thin film interconnection layers 22-2 are electrically 
connected through the metal thin film contact layers 23-2 to the metal thin 
5 film interconnection layers 22-1. The used resist mask is then removed. 
The metal thin film interconnection layers 22-1 shown in FIG. 8H 
correspond to the second level interconnection pattern 6-1 of the second 
interconnection layer 6 shown in FIG. 6. The insulative resin thin film 18-2 
shown in FIG. 8H also corresponds to the second level insulating layer 6-2 

10 of the second interconnection layer 6 shown in FIG. 6. The metal thin film 
contact layers 23-2 shown in FIG. 8H also corresponds to the second level 
contact layer 6-3 of the second interconnection layer 6. The metal thin film 
interconnection layers 22-2 shown in FIG. 8H also corresponds to the third 
level interconnection pattern 7-1 of the third interconnection layer 7. 

15 If the pattern pitch of the metal thin film interconnection layers 

22- 2 is not so narrow, then it is possible as a modification that after the 
metal thin film has been formed, then the resist pattern is formed on the 
metal thin film so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 

20 over the metal thin film. The used resist mask is then removed. The metal 
thin film is then selectively etched by use of the Cu-plated patterns as a 
mask thereby to form the metal thin film interconnection layers 22-2 over 
the insulative resin thin film 18-2 and the metal thin film contact layers 

23- 2 in the openings 19-2. 
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In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-2 are not more than 1 
micrometers. 

5 With reference to FIG. 81, an insulative resin thin film 18-3 is 

then formed over the metal thin film interconnection layers 22-2 and the 
insulative resin thin film 18-2. The insulative resin thin film 18-3 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 

10 deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-3. If a fine pattern of not more than 1.0 

15 micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 1 8-3 is selectively removed to form openings 1 9-3 
in the insulative resin thin film 18-3 and over the metal thin film 
interconnection layers 22-2. A resist film is applied on the insulative resin 

20 thin film 18-3 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-3. 
If the insulative resin thin film 18-3 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 1 8-3 
is selectively removed by a wet etching by use of the resist pattern as a 
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mask to form the openings 19-3 in the insulative resin thin film 18-3. If the 
insulative resin thin film 18-3 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-3 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
5 to form the openings 19-3 in the insulative resin thin film 18-3. The metal 
thin film interconnection layers 22-2 are partially shown through the 
openings 19-3 formed in the insulative resin thin film 18-3. The used resist 
pattern is then removed. 

With reference to FIG. 8J, an adhesive metal thin film is entirely 

10 formed which extends on the surface of the insulative resin thin film 18-3 
and the shown parts of the metal thin film interconnection layers 22-2 by a 
sputtering method. The adhesive metal thin film may be made of a Ti-based 
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently, 
a metal electrode thin film is also entirely formed on the adhesive metal 

15 thin film by a sputtering method, a chemical vapor deposition or an 
electroless plating method. The metal electrode thin film may be made of 
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal 
electrode thin film form a metal thin film which extends on the surface of 
the insulative resin thin film 18-3 and within the openings 19-3 over the 

20 metal thin film interconnection layers 22-2. A resist film is entirely formed 
on the metal thin film and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film. The metal 
thin film is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-3 in the 
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openings 19-3 and metal thin film interconnection layers 22-3 over the 
insulative resin thin film 18-3, wherein the metal thin film interconnection 
layers 22-3 are in contact directly with the metal thin film contact layers 
23 -3 3 so that the metal thin film interconnection layers 22-3 are electrically 
5 connected through the metal thin film contact layers 23-3 to the metal thin 
film interconnection layers 22-2. The used resist mask is then removed. 
The metal thin film interconnection layers 22-2 shown in FIG. 8J 
correspond to the third level interconnection pattern 7-1 of the third 
interconnection layer 7 shown in FIG. 6. The insulative resin thin film 18-3 

10 shown in FIG. 8 J also corresponds to the third level insulating layer 7-2 of 
the third interconnection layer 7 shown in FIG. 6. The metal thin film 
contact layers 23-3 shown in FIG. 8J also corresponds to the third level 
contact layer 7-3 of the third interconnection layer 7. The metal thin film 
interconnection layers 22-3 shown in FIG. 8J also corresponds to the fourth 

15 level interconnection pattern 8-1 of the third interconnection layer 8. 

If the pattern pitch of the metal thin film interconnection layers 
22-3 is not so narrow, then it is possible as a modification that after the 
metal thin film has been formed, then the resist pattern is formed on the 
metal thin film so that a selective electroplating of metal such as Cu is 

20 carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film. The used resist mask is then removed. The metal 
thin film is then selectively etched by use of the Cu-plated patterns as a 
mask thereby to form the metal thin film interconnection layers 22-3 over 
the insulative resin thin film 18-3 and the metal thin film contact layers 
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23-3 in the openings 19-3. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-3 are not more than 1 
5 micrometers. 

With reference to FIG. 8K, an insulative resin thin film 18-4 is 
then formed over the metal thin film interconnection layers 22-3 and the 
insulative resin thin film 18-3. The insulative resin thin film 18-4 may 
comprise a polyimide based resin thin film which may be formed by a spin 

10 coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 

15 insulative resin thin film 18-4. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 1 8-4 is selectively removed to form openings 1 9-4 
in the insulative resin thin film 18-4 and over the metal thin film 

20 interconnection layers 22-3. A resist film is applied on the insulative resin 
thin film 18-4 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-4. 
If the insulative resin thin film 18-4 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 18-4 
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is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-4 in the insulative resin thin film 18-4. If the 
insulative resin thin film 18-4 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-4 is 
5 selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-4 in the insulative resin thin film 18-3. The metal 
thin film interconnection layers 22-3 are partially shown through the 
openings 19-4 formed in the insulative resin thin film 18-4. The used resist 
pattern is then removed. 

10 With reference to FIG. 8L, an adhesive metal thin film is entirely 

formed which extends on the surface of the insulative resin thin film 1 8-4 
and the shown parts of the metal thin film interconnection layers 22-3 by a 
sputtering method. The adhesive metal thin film may be made of a Ti-based 
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently, 

15 a metal electrode thin film is also entirely formed on the adhesive metal 
thin film by a sputtering method, a chemical vapor deposition or an 
electroless plating method. The metal electrode thin film may be made of 
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal 
electrode thin film form a metal thin film which extends on the surface of 

20 the insulative resin thin film 18-4 and within the openings 19-4 over the 
metal thin film interconnection layers 22-3. A resist film is entirely formed 
on the metal thin film and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film. The metal 
thin film is then patterned by a wet etching or a dry etching by use of the 
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resist pattern as a mask to form metal thin film contact layers 23-4 in the 
openings 19-4 and pad electrodes 22-4 over the insulative resin thin film 
18-4, wherein the pad electrodes 22-4 are in contact directly with the metal 
thin film contact layers 23 -4, so that the pad electrodes 22-4 are electrically 
connected through the metal thin film contact layers 23-4 to the metal thin 
film interconnection layers 22-3. The used resist mask is then removed. 
The metal thin film interconnection layers 22-3 shown in FIG. 8L 
correspond to the fourth level interconnection pattern 8-1 of the fourth 
interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4 
shown in FIG. 8L also corresponds to the fourth level insulating layer 8-2 
of the fourth interconnection layer 8 shown in FIG. 6. The metal thin film 
contact layers 23-4 shown in FIG. 8L also corresponds to the fourth level 
contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes 
22-4 shown in FIG. 8L also corresponds to the fifth level interconnection 
pattern 9-1 of the fifth interconnection layer 9. 

If the pattern pitch of the pad electrodes 22-4 is not so narrow, 
then it is possible as a modification that after the metal thin film has been 
formed, then the resist pattern is formed on the metal thin film so that a 
selective electroplating of metal such as Cu is carried out by use of the 
resist pattern as a mask to form Cu-plated patterns over the metal thin film. 
The used resist mask is then removed. The metal thin film is then 
selectively etched by use of the Cu-plated patterns as a mask thereby to 
form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the 
metal thin film contact layers 23-4 in the openings 19-4. 
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In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the pad 
electrodes 22-4 are not more than 1 micrometers. 

With reference to FIG. 8M, a solder resist film 24 is then formed 
5 over the pad electrodes 22-4 and the insulative resin thin film 18-4 in order 
to protect the multilayer interconnection board 3 having the pad electrodes 
24. The solder resist film 24 shown in FIG. 8M corresponds to the fifth 
level insulating layer 9-2 of the fifth interconnection layer 9 shown in FIG. 
6. The solder resist film 24 may comprise an organic insulating film such 

10 an epoxy resin film containing an inorganic filler such as fine powders of 
silicon dioxide. Alternatively, the solder resist film 24 may be made of a 
material which has a large resistivity to external chemical stress, and a 
large resistivity to a Flux cleaning solution or an Au plating solution as 
well as a high adhesiveness to a sealing material such as an under-fill 

15 material. If the above first to fourth insulative resin thin films 18-1, 18-2, 
18-3 and 18-4 are highly resistive to the chemical and chemical stresses, it 
is possible as a modification to eliminate the formation of the solder resist 
film 24. The solder resist film 24 is selectively removed to form openings 
24a in the solder resist film 24 and over the pad electrodes 22-4. If the 

20 solder resist film 24 is made of a non-photosensitive material, a resist film 
is applied on the solder resist film 24 and then patterned by an exposure 
and a subsequent development to form a resist pattern on the solder resist 
film 24, so that the solder resist film 24 is selectively removed by a wet 
etching by use of the resist pattern as a mask to form the openings 24a in 
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the solder resist film 24, followed by removal of the used resist pattern. If 
the solder resist film 24 is made of a photosensitive material, then the 
solder resist film 24 is directly patterned by an exposure and a subsequent 
development to form the openings 24a in the solder resist film 24. The 
5 electrode pads 22-4 are partially shown through the openings 24a formed in 
the solder resist film 24. 

With reference to FIG. 8N, semiconductor chips 2 are mounted 
on the multilayer interconnection board 3, wherein the semiconductor chips 
2 have the plural bumps 14, and the plural bumps 14 are made into contact 

10 with the electrode pads 22-4 of the multilayer interconnection board 3, so 
that the semiconductor chips 2 are electrically connected through the plural 
bumps 14 to the multilayer interconnection board 3. If the bumps 14 are 
made of a metal based solder material such as Sn or Pb, a flip-chip bonding 
utilizing a heat re-flow process using Flux is available for bonding the 

15 plural bumps 14 to the electrode pads 22-4 of the multilayer 
interconnection board 3. If the bumps 14 are made of a metal based solder 
material such as Au or In, a flip-chip bonding utilizing a 
thermo-compression bonding is available for bonding the plural bumps 14 
to the electrode pads 22-4 of the multilayer interconnection board 3. 

20 With reference to FIG. 80, the high rigidity plate 16 is 

completely removed by an etching process, whereby the multilayer 
interconnection board 3 remains. The external electrode pads 17-1 in the 
first interconnection layer 5 and the pad electrodes 22-4 in the fifth 
interconnection layer 9 are then subjected to an electroless plating for 
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plating laminated Ni and Au layers or laminated Zn, Ni and Au layers on 
the external electrode pads 17-1 and the pad electrodes 22-4 in order to 
improve a bonding property between the external electrode pads 17-1 and 
also a bonding property between the pad electrodes 22-4 and the bumps 14 
5 of the semiconductor chip 2. As a result, the multilayer interconnection 
board 3 is completed, which comprises plural unit multilayer 
interconnection boards. 

With reference to FIG. 8P, an insulative resin material 31 is 
formed which coats side walls of the semiconductor chips 2, an inter-space 

10 between the semiconductor chips 2 and the multilayer interconnection 
board 3 around the bumps 14 and the surface of the solder resist film 24 of 
the multilayer interconnection board 3 in order to protect the 
semiconductor chips 2 5 the bumps 14 and the multilayer interconnection 
board 3. This coating process is carried out by use of a resin injection 

15 technique involving a vacuum sealing technique or a transfer sealing 
technique. The insulative resin material 31 may be made of one of epoxy 
resin materials, silicone resin materials, polyimide resin materials, 
polyolefin resin materials, cyanate ester resin materials, phenol resin 
materials and naphthalene resin materials. 

20 With reference to FIG. 8Q, solder balls 13 are formed which are 

in contact directly with the external electrode pads 17-1 of the multilayer 
interconnection board 3 to form a semiconductor device 1 having the 
multilayer interconnection board 3 and the plural semiconductor chips 2 
mounted thereon. The solder balls 13 serve as external terminals. The 
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solder balls 13 may be made of a metal based material such as Sn or Pb. 
The solder balls 13 may also be free of lead. The solder balls 13 may be 
made of an electrically conductive material having a low melting point, a 
high heat conductivity and a rapid solidity as well as a large surface tension 
5 so that the electrically conductive material becomes in the form of balls. 
The semiconductor device 1 is then diced by use of a dicing blade to divide 
the semiconductor device 1 into plural unit semiconductor devices 32 or 
flip-chip semiconductor devices 32, each of which comprises the multilayer 
interconnection board 3 and the single semiconductor chip 2 mounted 
10 thereon. 

With reference back to FIG. 4, a heat conductive adhesive layer 
41 is provided on a top surface of the semiconductor chip 2. A heat 
spreader 42 is provided on the heat conductive adhesive layer 41 so that the 
heat spreader 42 is adhered through the heat conductive adhesive layer 41 

15 to the top surface of the semiconductor chip 2. A heat generated in the 
semiconductor chip 2 is conducted through the heat conductive adhesive 
layer 41 to the heat spreader 42 for causing a heat radiation from the heat 
spreader 42. The heat spreader 42 may be made of a heat conductive 
material such as a metal base material, for example, Cu, Al, W, Mo, Fe, Ni, 

20 and Cr, or A1203, A1N, SiC, other ceramics such as mullite. The heat 
conductive adhesive layer 41 may be made of a resin based material 
containing a heat conductive material, wherein the resin based material 
may be one of epoxy resin materials, silicone resin materials, polyimide 
resin materials, polyolefin resin materials, cyanate ester resin materials, 
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phenol resin materials and naphthalene resin materials, whilst the heat 
conductive material may be one of Ag, Pd, Cu, Al, Au, Mo, W 5 diamond, 
AI2O3, A1N, and ceramic materials such as mullite, BN and SiC. 

The flip-chip is usually applied to a high speed logic device 
5 having a large number of pins, for which reason the heat radiation from the 
semiconductor chip 2 is important. In this embodiment, the heat spreader 
42 is provided to improve the heat radiation characteristic of the flip- chip 
semiconductor device 32. 

In accordant with the present invention, the base material of the 

10 multilayer interconnection board is not largely different in thermal 
expansion coefficient from the semiconductor chip to reduce a stress 
applied between the multilayer interconnection board and the 
semiconductor chip, thereby keeping a high reliability in connection 
between the multilayer interconnection board and the semiconductor chip. 

15 The reduction in stress applied between the multilayer interconnection 
board and the semiconductor chip makes it unnecessary to increase the 
thicknesses of the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 
for stress relaxation, but makes it possible that the thicknesses of the 
multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 are thin, for 

20 example, not more than 1 micrometer. A metallization technique for the 
semiconductor wafer and an apparatus therefor are utilized for allowing the 
resist films and the multilevel interconnections 17-1,2-1, 22-2, 22-3 and 24 
to be patterned finely, thereby permitting a further shrinkage of the 
interconnection patterns. 
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Further, the multilayer interconnection board remains adhered or 
fixed to the high rigidity plate such as the metal plate during when the 
multilayer interconnection board is formed, so that the high rigidity plate 
provides or ensures a high planarity to the multilayer interconnection board. 
5 Even the high rigidity plate is different in linear expansion coefficient from 
the multilayer interconnection board, the high rigidity plate suppresses 
generation of internal stress in the multilayer interconnection board and 
expansion of the multilayer interconnection board, so that the high rigidity 
plate suppresses the multilayer interconnection board from being bent, 

10 whereby the multilayer interconnection board is free from any 
misalignment in patterning the insulating layers and the interconnection 
layers, resulting in a high yield of the flip-chip semiconductor device. 

As described above, the high rigidity plate is necessary or 
important for keeping the multilayer interconnection board to have the high 

15 planarity until the multilayer interconnection board is completed. 
Notwithstanding, the high rigidity plate is not necessarily needed to the 
final product, for example, the flip-chip semiconductor device, for which 
reason as described above, after the multilayer interconnection board has 
been completed, then the high rigidity plate is removed. After the high 

20 rigidity plate is removed from the bottom surface of the multilayer 
interconnection board, then the bottom surface of the multilayer 
interconnection board is shown, for which reason the bottom or first 
insulating layer of the multilayer interconnection board may preferably be 
made of an insulating material such as an organic material which has a 
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flexibility to an externally applied stress. 

Accordingly, the single multilayer interconnection board is 
adhered or fixed to the one side of the high rigidity plate to form an 
asymmetric structure. The high rigidity plate prevents the multilayer 
5 interconnection board from being bent during the fabrication of the 
multilayer interconnection board. If the multilayer interconnection boards 
are adhered or fixed to both surfaces of the high rigidity plate, then it is 
necessary to form through holes in the high rigidity plate. In accordance 
with the present invention, however, it is unnecessary to form such the 

10 through holes in the high rigidity plate, whereby there are raised no 
problem with defect of the final product due to dusts generated in forming 
the through holes in the high rigidity plate nor problem with increase in the 
manufacturing cost due to additional process for forming the through holes 
in the high rigidity plate. 

15 In this embodiment, the high rigidity plate is removed from the 

multilayer interconnection board after the semiconductor chips have been 
mounted on the multilayer interconnection board. When the semiconductor 
chips are mounted on the multilayer interconnection board, the multilayer 
interconnection board still remains adhered or fixed to the high rigidity 

20 plate, so that in order to ensure or keep the high planarity of the multilayer 
interconnection board, the high rigidity plate suppresses various strains of 
the entire or part of the multilayer interconnection board and the 
semiconductor chips due to mechanical and thermal stresses applied to the 
multilayer interconnection board and the semiconductor chips. 
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Accordingly, it is possible to remove the high rigidity plate from 
the multilayer interconnection board any times after the multilayer 
interconnection board has been completed and before the solder balls are 
formed. 

5 

THIRD EMBODIMENT : 

A third embodiment according to the present invention will be 
described in detail with reference to the drawings. The third embodiment is 
different from the first embodiment only in the fabrication processes for the 
10 flip-chip semiconductor device 32, for which reason the following 
descriptions will focus on the fabrication processes and the description of 
the structure of the flip-chip semiconductor device 32 will be omitted. 

FIGS. 9 A through 9P are fragmentary cross sectional elevation 
views illustrative of a novel method of forming a semiconductor device 
1 5 having a multilayer interconnection board on which a semiconductor chip 
is mounted in a third embodiment in accordance with the present invention. 

With reference to FIG. 9 A, a high rigidity plate 16 is prepared. 
The high rigidity plate 16 may be made of any material having a high 
rigidity. Metals such as Cu-, Ni-, A1-, W-, Mo-, Au-, Ag- and Pt-based 
20 metals, complex materials of different metals and ceramics are available for 
the high rigidity plate 16. 

With reference to FIG. 9B, an adhesive metal layer of a metal 
such as a Ti-base alloy, a Cr-base alloy, a Mo-base alloy, and a W-base 
alloy is formed on a first surface of the high rigidity plate 16 by a 
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sputtering method. An electrode material layer of a metal such as Cu, Al, 
and Ni is then formed on the adhesive metal layer by a sputtering method 
to form laminations of the adhesive metal layer and the electrode material 
layer. A resist film is then applied on the laminations of the adhesive metal 

5 layer and the electrode material layer. The resist film is then patterned by 
an exposure and a subsequent development to form a resist pattern. A 
selective wet etching process or a selective dry etching process to the 
laminations of the adhesive metal layer and the electrode material layer is 
carried out by use of the resist pattern as a mask so as to pattern the 

10 laminations of the adhesive metal layer and the electrode material layer, 
whereby external electrode pads 17-1 are selectively formed on the first 
surface of the high rigidity plate 16. The used resist pattern is then 
removed. 

If a minimum pitch of the external electrode pads 17-1 is not so 
15 narrow, then it is possible as a modification that a resist is coated directly 
on the first surface of the high rigidity plate 16 and then patterned by an 
exposure and a development to form a resist pattern before a selective 
electroplating of metal is then carried out by use of the resist pattern as a 
mask, followed by removal of the used resist pattern. 
20 With reference to FIG. 9C, an insulative resin thin film 18-1 is 

then formed over the external electrode pads 17-1 and the first surface of 
the high rigidity plate 16. The insulative resin thin film 18-1 may comprise 
a polyimide based resin thin film which may be formed by a spin coating 
method, a chemical vapor deposition method or a physical vapor deposition 
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method. In place of the polyimide based resin, silicon dioxide based 
inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
5 insulative resin thin film 18-1. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. 

With reference to FIG. 9D, the insulative resin thin film 18-1 is 
selectively removed to form openings 19-1 in the insulative resin thin film 

10 18-1 and over the external electrode pads 17-1. A resist film is applied on 
the insulative resin thin film 18-1 and then patterned by an exposure and a 
subsequent development to form a resist pattern on the insulative resin thin 
film 18-1. If the insulative resin thin film 18-1 is made of a material which 
is removable by a chemical etching process, the insulative resin thin film 

15 18-1 is selectively removed by a wet etching by use of the resist pattern as 
a mask to form the openings 19-1 in the insulative resin thin film 18-1. If 
the insulative resin thin film 18-1 is made of a material which is 
unremovable by the chemical etching process, the insulative resin thin film 
18-1 is selectively removed by a dry etching by use of the resist pattern as a 

20 mask to form the openings 19-1 in the insulative resin thin film 18-1. The 
external electrode pads 17-1 are partially shown through the openings 19-1 
formed in the insulative resin thin film 18-1. The used resist pattern is then 
removed. 

With reference to FIG. 9E, an adhesive metal thin film 21a is 
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entirely formed which extends on the surface of the insulative resin thin 
film 18-1 and the shown parts of the external electrode pads 17-1 by a 
sputtering method. The adhesive metal thin film 21a may be made of a 
Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 

5 Subsequently, a metal electrode thin film 21b is also entirely formed on the 
adhesive metal thin film 21a by a sputtering method, a chemical vapor 
deposition or an electroless plating method. The metal electrode thin film 
21b may be made of Cu, Al or Ni. Laminations of the adhesive metal thin 
film 21a and the metal electrode thin film 21b form a metal thin film 21 

10 which extends on the surface of the insulative resin thin film 18-1 and 
within the openings 19-1 over the external electrode pads 17-1. 

With reference to FIG. 9F, a resist film is entirely formed on the 
metal thin film 21 and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film 21. The metal 

1 5 thin film 21 is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-1 in the 
openings 19-1 and metal thin film interconnection layers 22-1 over the 
insulative resin thin film 18-1, wherein the metal thin film interconnection 
layers 22-1 are in contact directly with the metal thin film contact layers 

20 23-1, so that the metal thin film interconnection layers 22-1 are electrically 
connected through the metal thin film contact layers 23-1 to the external 
electrode pads 1 7- 1 . The used resist, mask is. then, removed. The external 
electrode pads 17-1 shown in FIG. 9F correspond to the first level 
interconnection pattern 5-1 of the first interconnection layer 5 shown in 
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FIG. 6. The insulative resin thin film 18-1 shown in FIG. 9F also 
corresponds to the first level insulating layer 5-2 of the first interconnection 
layer 5 shown in FIG. 6. The metal thin film contact layers 23-1 shown in 
FIG. 9F also corresponds to the first level contact layer 5-3 of the first 

5 interconnection layer 5. The metal thin film interconnection layers 22-1 
shown in FIG. 9F also corresponds to the second level interconnection 
pattern 6-1 of the second interconnection layer 6. 

If the pattern pitch of the metal thin film interconnection layers 
22-1 is not so narrow, then it is possible as a modification that after the 

10 metal thin film 21 has been formed, then the resist pattern is formed on the 
metal thin film 21 so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film 21. The used resist mask is then removed. The 
metal thin film 21 is then selectively etched by use of the Cu-plated 

15 patterns as a mask thereby to form the metal thin film interconnection 
layers 22-1 over the insulative resin thin film 18-1 and the metal thin film 
contact layers 23-1 in the openings 19-1. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the 

20 metal thin film interconnection layers 22-1 are not more than 1 
micrometers. 

_ With reference to FIG. 9G, an insulative resin thin film 18-2 is 

then formed over the metal thin film interconnection layers 22-1 and the 
insulative resin thin film 18-1. The insulative resin thin film 18-2 may 
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comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 
5 silicone based resins, polyolefm based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-2. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 

10 insulative resin thin film 18-2 is selectively removed to form openings 19-2 
in the insulative resin thin film 18-2 and over the metal thin film 
interconnection layers 22-1. A resist film is applied on the insulative resin 
thin film 18-2 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-2. 

15 If the insulative resin thin film 18-2 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 18-2 
is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-2 in the insulative resin thin film 18-2. If the 
insulative resin thin film 18-2 is made of a material which is unremovable 

20 by the chemical etching process, the insulative resin thin film 18-2 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-2 in the insulative resin thin film 18-2. The metal 
thin film interconnection layers 22-1 are partially shown through the 
openings 19-2 formed in the insulative resin thin film 18-2. The used resist 
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pattern is then removed. 

With reference to FIG. 9H, an adhesive metal thin film is entirely 
formed which extends on the surface of the insulative resin thin film 18-2 
and the shown parts of the metal thin film interconnection layers 22-1 by a 
5 sputtering method. The adhesive metal thin film may be made of a Ti-based 
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently, 
a metal electrode thin film is also entirely formed on the adhesive metal 
thin film by a sputtering method, a chemical vapor deposition or an 
electroless plating method. The metal electrode thin film may be made of 

10 Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal 
electrode thin film form a metal thin film which extends on the surface of 
the insulative resin thin film 18-2 and within the openings 19-2 over the 
metal thin film interconnection layers 22-1. A resist film is entirely formed 
on the metal thin film and then patterned by an exposure and a subsequent 

15 development to form a resist pattern over the metal thin film. The metal 
thin film is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-2 in the 
openings 19-2 and metal thin film interconnection layers 22-2 over the 
insulative resin thin film 18-2, wherein the metal thin film interconnection 

20 layers 22-2 are in contact directly with the metal thin film contact layers 
23-2, so that the metal thin film interconnection layers 22-2 are electrically 
connected through the metal thin film contact layers 23-2 to the metal thin 
film interconnection layers 22-1. The used resist mask is then removed. 
The metal thin film interconnection layers 22-1 shown in FIG. 9H 
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correspond to the second level interconnection pattern 6-1 of the second 
interconnection layer 6 shown in FIG. 6. The insulative resin thin film 18-2 
shown in FIG. 9H also corresponds to the second level insulating layer 6-2 
of the second interconnection layer 6 shown in FIG. 6. The metal thin film 
5 contact layers 23-2 shown in FIG. 9H also corresponds to the second level 
contact layer 6-3 of the second interconnection layer 6. The metal thin film 
interconnection layers 22-2 shown in FIG. 9H also corresponds to the third 
level interconnection pattern 7-1 of the third interconnection layer 7. 

If the pattern pitch of the metal thin film interconnection layers 

10 22-2 is not so narrow, then it is possible as a modification that after the 
metal thin film has been formed, then the resist pattern is formed on the 
metal thin film so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film. The used resist mask is then removed. The metal 

15 thin film is then selectively etched by use of the Cu-plated patterns as a 
mask thereby to form the metal thin film interconnection layers 22-2 over 
the insulative resin thin film 18-2 and the metal thin film contact layers 
23-2 in the openings 19-2. 

In accordance with the above described method and its 

20 modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-2 are not more than 1 
micrometers. 

With reference to FIG. 91, an insulative resin thin film 18-3 is 
then formed over the metal thin film interconnection layers 22-2 and the 
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insulative resin thin film 18-2. The insulative resin thin film 18-3 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 
5 based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-3. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 

10 inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 18-3 is selectively removed to form openings 19-3 
in the insulative resin thin film 18-3 and over the metal thin film 
interconnection layers 22-2. A resist film is applied on the insulative resin 
thin film 18-3 and then patterned by an exposure and a subsequent 

15 development to form a resist pattern on the insulative resin thin film 18-3. 
If the insulative resin thin film 18-3 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 18-3 
is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-3 in the insulative resin thin film 18-3. If the 

20 insulative resin thin film 18-3 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-3 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-3 in the insulative resin thin film 18-3. The metal 
thin film interconnection layers 22-2 are partially shown through the 
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openings 19-3 formed in the insulative resin thin film 18-3. The used resist 
pattern is then removed. 

With reference to FIG. 9 J, an adhesive metal thin film is entirely 
formed which extends on the surface of the insulative resin thin film 18-3 
5 and the shown parts of the metal thin film interconnection layers 22-2 by a 
sputtering method. The adhesive metal thin film may be made of a Ti-based 
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently, 
a metal electrode thin film is also entirely formed on the adhesive metal 
thin film by a sputtering method, a chemical vapor deposition or an 

P 

3 10 electroless plating method. The metal electrode thin film may be made of 

? it 

Ki Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal 

1 0 

m electrode thin film form a metal thin film which extends on the surface of 

3 the insulative resin thin film 18-3 and within the openings 19-3 over the 

I:* metal thin film interconnection layers 22-2. A resist film is entirely formed 

'"I 

K. . £ 

□ 15 on the metal thin film and then patterned by an exposure and a subsequent 

13 development to form a resist pattern over the metal thin film. The metal 

thin film is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-3 in the 
openings 19-3 and metal thin film interconnection layers 22-3 over the 
20 insulative resin thin film 18-3, wherein the metal thin film interconnection 
layers 22-3 are in contact directly with the metal thin film contact layers 
23-3, so that the metal thin film interconnection layers 22-3 are electrically 
connected through the metal thin film contact layers 23-3 to the metal thin 
film interconnection layers 22-2. The used resist mask is then removed. 
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The metal thin film interconnection layers 22-2 shown in FIG. 9J 
correspond to the third level interconnection pattern 7-1 of the third 
interconnection layer 7 shown in FIG. 6. The insulative resin thin film 18-3 
shown in FIG. 9J also corresponds to the third level insulating layer 7-2 of 
5 the third interconnection layer 7 shown in FIG. 6. The metal thin film 
contact layers 23-3 shown in FIG. 9J also corresponds to the third level 
contact layer 7-3 of the third interconnection layer 7. The metal thin film 
interconnection layers 22-3 shown in FIG. 9J also corresponds to the fourth 
level interconnection pattern 8-1 of the third interconnection layer 8. 
10 If the pattern pitch of the metal thin film interconnection layers 

22- 3 is not so narrow, then it is possible as a modification that after the 
metal thin film has been formed, then the resist pattern is formed on the 
metal thin film so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 

15 over the metal thin film. The used resist mask is then removed. The metal 
thin film is then selectively etched by use of the Cu-plated patterns as a 
mask thereby to form the metal thin film interconnection layers 22-3 over 
the insulative resin thin film 18-3 and the metal thin film contact layers 

23- 3 in the openings 19-3. 

20 In accordance with the above described method and its 

modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-3 are not more than 1 
micrometers. 

With reference to FIG. 9K, an insulative resin thin film 18-4 is 
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then formed over the metal thin film interconnection layers 22-3 and the 
insulative resin thin film 18-3. The insulative resin thin film 18-4 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
5 deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, poly olefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-4. If a fine pattern of not more than 1.0 

10 micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 18-4 is selectively removed to form openings 19-4 
in the insulative resin thin film 18-4 and over the metal thin film 
interconnection layers 22-3. A resist film is applied on the insulative resin 

15 thin film 18-4 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-4. 
If the insulative resin thin film 18-4 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 18-4 
is selectively removed by a wet etching by use of the resist pattern as a 

20 mask to form the openings 19-4 in the insulative resin thin film 18-4. If the 
insulative resin thin film 18-4 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-4 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-4 in the insulative resin thin film 18-3. The metal 
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thin film interconnection layers 22-3 are partially shown through the 
openings 19-4 formed in the insulative resin thin film 18-4. The used resist 
pattern is then removed. 

With reference to FIG. 9L, an adhesive metal thin film is entirely 
5 formed which extends on the surface of the insulative resin thin film 1 8-4 
and the shown parts of the metal thin film interconnection layers 22-3 by a 
sputtering method. The adhesive metal thin film may be made of a Ti-based 
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently, 
a metal electrode thin film is also entirely formed on the adhesive metal 

10 thin film by a sputtering method, a chemical vapor deposition or an 
electroless plating method. The metal electrode thin film may be made of 
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal 
electrode thin film form a metal thin film which extends on the surface of 
the insulative resin thin film 18-4 and within the openings 19-4 over the 

15 metal thin film interconnection layers 22-3. A resist film is entirely formed 
on the metal thin film and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film. The metal 
thin film is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-4 in the 

20 openings 19-4 and pad electrodes 22-4 over the insulative resin thin film 
18-4, wherein the pad electrodes 22-4 are in contact directly with the metal 
thin film contact layers 23-4, so that the pad electrodes 22-4 are electrically 
connected through the metal thin film contact layers 23-4 to the metal thin 
film interconnection layers 22-3. The used resist mask is then removed. 
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The metal thin film interconnection layers 22-3 shown in FIG. 9L 
correspond to the fourth level interconnection pattern 8-1 of the fourth 
interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4 
shown in FIG. 9L also corresponds to the fourth level insulating layer 8-2 
5 of the fourth interconnection layer 8 shown in FIG. 6. The metal thin film 
contact layers 23-4 shown in FIG. 9L also corresponds to the fourth level 
contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes 
22-4 shown in FIG. 9L also corresponds to the fifth level interconnection 
pattern 9-1 of the fifth interconnection layer 9. 

10 If the pattern pitch of the pad electrodes 22-4 is not so narrow, 

then it is possible as a modification that after the metal thin film has been 
formed, then the resist pattern is formed on the metal thin film so that a 
selective electroplating of metal such as Cu is carried out by use of the 
resist pattern as a mask to form Cu-plated patterns over the metal thin film. 

15 The used resist mask is then removed. The metal thin film is then 
selectively etched by use of the Cu-plated patterns as a mask thereby to 
form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the 
metal thin film contact layers 23-4 in the openings 19-4. 

In accordance with the above described method and its 

20 modification, it is possible that the thicknesses of the resist film and the pad 
electrodes 22-4 are not more than 1 micrometers. 

With reference to FIG. 9M, a solder resist film 24 is then formed 
over the pad electrodes 22-4 and the insulative resin thin film 18-4 in order 
to protect the multilayer interconnection board 3 having the pad electrodes 
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24. The solder resist film 24 shown in FIG. 9M corresponds to the fifth 
level insulating layer 9-2 of the fifth interconnection layer 9 shown in FIG. 
6. The solder resist film 24 may comprise an organic insulating film such 
an epoxy resin film containing an inorganic filler such as fine powders of 
5 silicon dioxide. Alternatively, the solder resist film 24 may be made of a 
material which has a large resistivity to external chemical stress, and a 
large resistivity to a Flux cleaning solution or an Au plating solution as 
well as a high adhesiveness to a sealing material such as an under-fill 
material. If the above first to fourth insulative resin thin films 18-1, 18-2, 

10 18-3 and 18-4 are highly resistive to the chemical and chemical stresses, it 
is possible as a modification to eliminate the formation of the solder resist 
film 24. The solder resist film 24 is selectively removed to form openings 
24a in the solder resist film 24 and over the pad electrodes 22-4. If the 
solder resist film 24 is made of a non-photosensitive material, a resist film 

15 is applied on the solder resist film 24 and then patterned by an exposure 
and a subsequent development to form a resist pattern on the solder resist 
film 24, so that the solder resist film 24 is selectively removed by a wet 
etching by use of the resist pattern as a mask to form the openings 24a in 
the solder resist film 24, followed by removal of the used resist pattern. If 

20 the solder resist film 24 is made of a photosensitive material, then the 
solder resist film 24 is directly patterned by an exposure and a subsequent 
development to form the openings 24a in the solder resist film 24. The 
electrode pads 22-4 are partially shown through the openings 24a formed in 
the solder resist film 24. 
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With reference to FIG. 9N, semiconductor chips 2 are mounted 
on the multilayer interconnection board 3, wherein the semiconductor chips 
2 have the plural bumps 14, and the plural bumps 14 are made into contact 
with the electrode pads 22-4 of the multilayer interconnection board 3, so 
5 that the semiconductor chips 2 are electrically connected through the plural 
bumps 14 to the multilayer interconnection board 3. If the bumps 14 are 
made of a metal based solder material such as Sn or Pb, a flip-chip bonding 
utilizing a heat re-flow process using Flux is available for bonding the 
plural bumps 14 to the electrode pads 22-4 of the multilayer 

10 interconnection board 3. If the bumps 14 are made of a metal based solder 
material such as Au or In, a flip-chip bonding utilizing a 
thermo-compression bonding is available for bonding the plural bumps 14 
to the electrode pads 22-4 of the multilayer interconnection board 3. 

With reference to FIG. 90, an insulative resin material 31 is 

15 formed which coats side walls of the semiconductor chips 2, an inter-space 
between the semiconductor chips 2 and the multilayer interconnection 
board 3 around the bumps 14 and the surface of the solder resist film 24 of 
the multilayer interconnection board 3 in order to protect the 
semiconductor chips 2, the bumps 14 and the multilayer interconnection 

20 board 3. This coating process is carried out by use of a resin injection 
technique involving a vacuum sealing technique or a transfer sealing 
technique. The insulative resin material 3 1 may be made of one of epoxy 
resin materials, silicone resin materials, polyimide resin materials, 
polyolefin resin materials, cyanate ester resin materials, phenol resin 
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materials and naphthalene resin materials. 

With reference to FIG. 9P, a heat conductive adhesive layer 41 is 
provided on a top surface of the semiconductor chip 2. A heat spreader 42 
is provided on the heat conductive adhesive layer 41 so that the heat 
5 spreader 42 is adhered through the heat conductive adhesive layer 41 to the 
top surface of the semiconductor chip 2. A heat generated in the 
semiconductor chip 2 is conducted through the heat conductive adhesive 
layer 41 to the heat spreader 42 for causing a heat radiation from the heat 
spreader 42. The heat spreader 42 may be made of a heat conductive 

10 material such as a metal base material, for example, Cu, Al, W 5 Mo, Fe, Ni, 
and Cr, or A1203, A1N, SiC, other ceramics such as mullite. The heat 
conductive adhesive layer 41 may be made of a resin based material 
containing a heat conductive material, wherein the resin based material 
may be one of epoxy resin materials, silicone resin materials, polyimide 

15 resin materials, polyolefin resin materials, cyanate ester resin materials, 
phenol resin materials and naphthalene resin materials, whilst the heat 
conductive material may be one of Ag, Pd, Cu, Al, Au, Mo, W, diamond, 
A1203, A1N, and ceramic materials such as mullite, BN and SiC. 

With reference back to FIG. 4, the high rigidity plate 16 is 

20 completely removed by an etching process, whereby the multilayer 
interconnection board 3 remains. The external electrode pads 17-1 in the 
first interconnection layer 5 and the pad electrodes 22-4 in the fifth 
interconnection layer 9 are then subjected to an electroless plating for 
plating laminated Ni and Au layers or laminated Zn, Ni and Au layers on 



Page 94 



Pf-2683/nec/us/i 




the external electrode pads 17-1 and the pad electrodes 22-4 in order to 
improve a bonding property between the external electrode pads 17-1 and 
also a bonding property between the pad electrodes 22-4 and the bumps 14 
of the semiconductor chip 2. As a result, the multilayer interconnection 
5 board 3 is completed, which comprises plural unit multilayer 
interconnection boards. 

Solder balls 13 are formed which are in contact directly with the 
external electrode pads 17-1 of the multilayer interconnection board 3 to 
form a semiconductor device 1 having the multilayer interconnection board 

10 3 and the plural semiconductor chips 2 mounted thereon. The solder balls 
13 serve as external terminals. The solder balls 13 may be made of a metal 
based material such as Sn or Pb. The solder balls 13 may also be free of 
lead. The solder balls 13 may be made of an electrically conductive 
material having a low melting point, a high heat conductivity and a rapid 

1 5 solidity as well as a large surface tension so that the electrically conductive 
material becomes in the form of balls. The semiconductor device 1 is then 
diced by use of a dicing blade to divide the semiconductor device 1 into 
plural unit semiconductor devices 32 or flip-chip semiconductor devices 32, 
each of which comprises the multilayer interconnection board 3 and the 

20 single semiconductor chip 2 mounted thereon. 

The flip-chip is usually applied to a high speed logic device 
having a large number of pins, for which reason the heat radiation from the 
semiconductor chip 2 is important. In this embodiment, the heat spreader 
42 is provided to improve the heat radiation characteristic of the flip-chip 



Page 95 



Pf-2683/nec/us/i 



semiconductor device 32. 

In accordant with the present invention, the base material of the 
multilayer interconnection board is not largely different in thermal 
expansion coefficient from the semiconductor chip to reduce a stress 
5 applied between the multilayer interconnection board and the 
semiconductor chip, thereby keeping a high reliability in connection 
between the multilayer interconnection board and the semiconductor chip. 
The reduction in stress applied between the multilayer interconnection 
board and the semiconductor chip makes it unnecessary to increase the 

10 thicknesses of the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 
for stress relaxation, but makes it possible that the thicknesses of the 
multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 are thin, for 
example, not more than 1 micrometer. A metallization technique for the 
semiconductor wafer and an apparatus therefor are utilized for allowing the 

15 resist films arid the multilevel interconnections 17-1,2-1, 22-2, 22-3 and 24 
to be patterned finely, thereby permitting a further shrinkage of the 
interconnection patterns. 

Further, the multilayer interconnection board remains adhered or 
fixed to the high rigidity plate such as the metal plate during when the 

20 multilayer interconnection board is formed, so that the high rigidity plate 
provides or ensures a high planarity to the multilayer interconnection board. 
Even the high rigidity plate is different in linear expansion coefficient from 
the multilayer interconnection board, the high rigidity plate suppresses 
generation of internal stress in the multilayer interconnection board and 
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expansion of the multilayer interconnection board, so that the high rigidity 
plate suppresses the multilayer interconnection board from being bent, 
whereby the multilayer interconnection board is free from any 
misalignment in patterning the insulating layers and the interconnection 
5 layers, resulting in a high yield of the flip-chip semiconductor device. 

As described above, the high rigidity plate is necessary or 
important for keeping the multilayer interconnection board to have the high 
planarity until the multilayer interconnection board is completed. 
Notwithstanding, the high rigidity plate is not necessarily needed to the 

10 final product, for example, the flip-chip semiconductor device, for which 
reason as described above, after the multilayer interconnection board has 
been completed, then the high rigidity plate is removed. After the high 
rigidity plate is removed from the bottom surface of the multilayer 
interconnection board, then the bottom surface of the multilayer 

15 interconnection board is shown, for which reason the bottom or first 
insulating layer of the multilayer interconnection board may preferably be 
made of an insulating material such as an organic material which has a 
flexibility to an externally applied stress. 

Accordingly, the single multilayer interconnection board is 

20 adhered or fixed to the one side of the high rigidity plate to form an 
asymmetric structure. The high rigidity plate prevents the multilayer 
interconnection board from being bent during the fabrication of the 
multilayer interconnection board. If the multilayer interconnection boards 
are adhered or fixed to both surfaces of the high rigidity plate, then it is 
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necessary to form through holes in the high rigidity plate. In accordance 
with the present invention, however, it is unnecessary to form such the 
through holes in the high rigidity plate, whereby there are raised no 
problem with defect of the final product due to dusts generated in forming 
5 the through holes in the high rigidity plate nor problem with increase in the 
manufacturing cost due to additional process for forming the through holes 
in the high rigidity plate. 

In this embodiment, the high rigidity plate is removed from the 
multilayer interconnection board after the semiconductor chips have been 

10 mounted on the multilayer interconnection board. When the semiconductor 
chips are mounted on the multilayer interconnection board, the multilayer 
interconnection board still remains adhered or fixed to the high rigidity 
plate, so that in order to ensure or keep the high planarity of the multilayer 
interconnection board, the high rigidity plate suppresses various strains of 

15 the entire or part of the multilayer interconnection board and the 
semiconductor chips due to mechanical and thermal stresses applied to the 
multilayer interconnection board and the semiconductor chips. 

Accordingly, it is possible to remove the high rigidity plate from 
the multilayer interconnection board any times after the multilayer 

20 interconnection board has been completed and before the solder balls are 
formed. 

In this embodiment, the high rigidity plate is removed from the 
multilayer interconnection board after the heat spreader has been adhered 
through the heat conductive adhesive layer to the semiconductor chips 
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mounted on the multilayer interconnection board and before the solder 
balls are formed. When the semiconductor chips are mounted on the 
multilayer interconnection board and then the heat spreader are then 
adhered through the heat conductive adhesive layer to the semiconductor 
5 chips mounted on the multilayer interconnection board, the multilayer 
interconnection board still remains adhered or fixed to the high rigidity 
plate, so that in order to ensure or keep the high planarity of the multilayer 
interconnection board, the high rigidity plate suppresses various strains of 
the entire or part of the multilayer interconnection board and the 
1 0 semiconductor chips due to mechanical and thermal stresses applied to the 
multilayer interconnection board and the semiconductor chips. 



FOURTH EMBODIMENT : 

A fourth embodiment according to the present invention will be 

15 described in detail with reference to the drawings. A difference of the 
fourth embodiment from the first embodiment is in further providing a 
buffer layer as a first substrate layer between solder balls and external 
electrode pads for allowing relaxation to stress applied between the 
flip-chip semiconductor device and the circuit board. In the end user's side, 

20 the flip-chip semiconductor device is mounted through the solder balls to 
the circuit board which is not illustrated. The solder balls have a small 
stand-off height which is insufficient for relaxation of the stress applied 
between the flip-chip semiconductor device and the circuit board. The 
buffer layer as a first substrate layer is provided between the solder balls 



Page 99 



Pf-2683/nec/us/ij 



and the external electrode pads for relaxation of the stress applied between 
the flip-chip semiconductor device and the circuit board. 

FIG. 10 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
5 a semiconductor chip is mounted in a fourth embodiment according to the 
present invention. A semiconductor device 32 has a multilayer 
interconnection board 3. A flip-chip semiconductor chip 2 is flip-mounted 
on the multilayer interconnection board 3, wherein a first surface of the 
flip-chip semiconductor chip 2 is electrically connected through bumps 14 

10 to a first surface of the multilayer interconnection board 3. A second 
surface of the multilayer interconnection board 3 has arrays of external 
electrode pads 17 on which a buffer layer 4 is formed. Solder balls 13 are 
formed on a bottom surface of the buffer layer 4. The buffer layer 4 
comprises plurality of metal buffer layers 1 1 which are in contact with the 

15 external electrode pads 17. The buffer layer 4 is thus provided between the 
external electrode pads 17 of the multilayer interconnection board 3 and the 
solder balls 13. The buffer layer 4 comprising plural metal buffer layers 1 1 
has a sufficient stand-off height for relaxing the stress applied between the 
flip-chip semiconductor device 32 and the circuit board not illustrated. 

20 Further, a supporting frame 25 is provided which extends on a peripheral 
region of the bottom surface of the multilayer interconnection board 3. The 
supporting frame 25 protects the multilayer interconnection board 3 and the 
buffer layer 4 comprising plurality of metal buffer layers 11 from 
mechanical stresses when the product is handled. Since the buffer layer 4 
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comprises the plural metal buffer layers 11, the external electrode pads 17 
of the multilayer interconnection board 3 are electrically connected through 
the plural metal buffer layers 11 to the solder balls 13. A sealing resin 
material 31 is provided over the first surface of the multilayer 
5 interconnection board 3 for sealing the semiconductor chip 2 and the 
bumps 14. A heat conductive adhesive layer 41 is provided on a second 
surface of the semiconductor chip 2. A heat spreader 42 is provided on the 
heat conductive adhesive layer 41 so that the heat spreader 42 is adhered 
through the heat conductive adhesive layer 41 to the second surface of the 

10 semiconductor chip 2. The bumps 14 and the solder balls 13 are eclectically 
connected to each other through multilevel interconnections of the 
multilayer interconnection board 3 . 

The structure of the multilayer interconnection board 3 is the 
same as in the first embodiment and as shown in FIG. 6. 

15 FIGS. 1 1A through 1 1 S are fragmentary cross sectional elevation 

views illustrative of a novel method of forming a semiconductor device 
having a multilayer interconnection board on which a semiconductor chip 
is mounted in a fourth embodiment in accordance with the present 
invention. 

20 With reference to FIG. 11 A, a high rigidity plate 16 is prepared. 

The high rigidity plate 16 may be made of any material having a high 
rigidity. Metals such as Cu- ? Ni- 5 Al- 5 W-, Mo-, Au- 5 Ag- and Pt-based 
metals, complex materials of different metals and ceramics are available for 
the high rigidity plate 16. 
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With reference to FIG. 11B, an adhesive metal layer of a metal 
such as a Ti-base alloy, a Cr-base alloy, a Mo-base alloy, and a W-base 
- alloy is formed on a first surface of the high rigidity plate 16 by a 
sputtering method. An electrode material layer of a metal such as Cu, Al, 
5 and Ni is then formed on the adhesive metal layer by a sputtering method 
to form laminations of the adhesive metal layer and the electrode material 
layer. A resist film is then applied on the laminations of the adhesive metal 
layer and the electrode material layer. The resist film is then patterned by 
an exposure and a subsequent development to form a resist pattern. A 

10 selective wet etching process or a selective dry etching process to the 
laminations of the adhesive metal layer and the electrode material layer is 
carried out by use of the resist pattern as a mask so as to pattern the 
laminations of the adhesive metal layer and the electrode material layer, 
whereby external electrode pads 17-1 are selectively formed on the first 

15 surface of the high rigidity plate 16. The used resist pattern is then 
removed. 

If a minimum pitch of the external electrode pads 17-1 is not so 
narrow, then it is possible as a modification that a resist is coated directly 
on the first surface of the high rigidity plate 16 and then patterned by an 
20 exposure and a development to form a resist pattern before a selective 
electroplating of metal is then carried out by use of the resist pattern as a 
mask, followed by removal of the used resist pattern. 

With reference to FIG. 11C, an insulative resin thin film 18-1 is 
then formed over the external electrode pads 17-1 and the first surface of 
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the high rigidity plate 16. The insulative resin thin film 18-1 may comprise 
a polyimide based resin thin film which may be formed by a spin coating 
method, a chemical vapor deposition method or a physical vapor deposition 
method. In place of the polyimide based resin, silicon dioxide based 
5 inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-1. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 

10 inorganic materials for utilizing diffusion processes of semiconductor. 

With reference to FIG. 11D, the insulative resin thin film 18-1 is 
selectively removed to form openings 19-1 in the insulative resin thin film 
18-1 and over the external electrode pads 17-1. A resist film is applied on 
the insulative resin thin film 18-1 and then patterned by an exposure and a 

1 5 subsequent development to form a resist pattern on the insulative resin thin 
film 18-1. If the insulative resin thin film 18-1 is made of a material which 
is removable by a chemical etching process, the insulative resin thin film 
18-1 is selectively removed by a wet etching by use of the resist pattern as 
a mask to form the openings 19-1 in the insulative resin thin film 18-1. If 

20 the insulative resin thin film 18-1 is made of a material which is 
unremovable by the chemical etching process, the insulative resin thin film 
18-1 is selectively removed by a dry etching by use of the resist pattern as a 
mask to form the openings 19-1 in the insulative resin thin film 18-1. The 
external electrode pads 17-1 are partially shown through the openings 19-1 
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formed in the insulative resin thin film 18-1. The used resist pattern is then 
removed. 

With reference to FIG. HE, an adhesive metal thin film 21a is 
entirely formed which extends on the surface of the insulative resin thin 
5 film 18-1 and the shown parts of the external electrode pads 17-1 by a 
sputtering method. The adhesive metal thin film 21a may be made of a 
Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 
Subsequently, a metal electrode thin film 21b is also entirely formed on the 
adhesive metal thin film 21a by a sputtering method, a chemical vapor 

10 deposition or an electroless plating method. The metal electrode thin film 
21b may be made of Cu, Al or Ni. Laminations of the adhesive metal thin 
film 21a and the metal electrode thin film 21b form a metal thin film 21 
which extends on the surface of the insulative resin thin film 18-1 and 
within the openings 19-1 over the external electrode pads 17-1. 

15 With reference to FIG. 1 IF, a resist film is entirely formed on the 

metal thin film 21 and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film 21. The metal 
thin film 21 is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-1 in the 

20 openings 19-1 and metal thin film interconnection layers 22-1 over the 
insulative resin thin film 18-1, wherein the metal thin film interconnection 
layers 22-1 are in contact directly with the metal thin film contact layers 
23-1, so that the metal thin film interconnection layers 22-1 are electrically 
connected through the metal thin film contact layers 23-1 to the external 
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electrode pads 17-1. The used resist mask is then removed. The external 
electrode pads 17-1 shown in FIG. 11F correspond to the first level 
interconnection pattern 5-1 of the first interconnection layer 5 shown in 
FIG. 6. The insulative resin thin film 18-1 shown in FIG. 11F also 
5 corresponds to the first level insulating layer 5-2 of the first interconnection 
layer 5 shown in FIG. 6. The metal thin film contact layers 23-1 shown in 
FIG. 11F also corresponds to the first level contact layer 5-3 of the first 
interconnection layer 5. The metal thin film interconnection layers 22-1 
shown in FIG. 1 IF also corresponds to the second level interconnection 

10 pattern 6-1 of the second interconnection layer 6. 

If the pattern pitch of the metal thin film interconnection layers 
22-1 is not so narrow, then it is possible as a modification that after the 
metal thin film 21 has been formed, then the resist pattern is formed on the 
metal thin film 21 so that a selective electroplating of metal such as Cu is 

1 5 carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film 21. The used resist mask is then removed. The 
metal thin film 21 is then selectively etched by use of the Cu-plated 
patterns as a mask thereby to form the metal thin film interconnection 
layers 22-1 over the insulative resin thin film 18-1 and the metal thin film 

20 contact layers 23-1 in the openings 19-1. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-1 are not more than 1 
micrometers. 
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With reference to FIG. 11G, an insulative resin thin film 18-2 is 
then formed over the metal thin film interconnection layers 22-1 and the 
insulative resin thin film 18-1. The insulative resin thin film 18-2 may 
comprise a polyimide based resin thin film which may be formed by a spin 
5 coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 

10 insulative resin thin film 18-2. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 18-2 is selectively removed to form openings 19-2 
in the insulative resin thin film 18-2 and over the metal thin film 

15 interconnection layers 22-1. A resist film is applied on the insulative resin 
thin film 18-2 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-2. 
If the insulative resin thin film 18-2 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 1 8-2 

20 is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-2 in the insulative resin thin film 18-2. If the 
insulative resin thin film 18-2 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-2 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
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to form the openings 19-2 in the insulative resin thin film 18-2. The metal 
thin film interconnection layers 22-1 are partially shown through the 
openings 19-2 formed in the insulative resin thin film 18-2. The used resist 
pattern is then removed. 
5 With reference to FIG. 11H, an adhesive metal thin film is 

entirely formed which extends on the surface of the insulative resin thin 
film 1 8-2 and the shown parts of the metal thin film interconnection layers 

22- 1 by a sputtering method. The adhesive metal thin film may be made of 
a Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 

10 Subsequently, a metal electrode thin film is also entirely formed on the 
adhesive metal thin film by a sputtering method, a chemical vapor 
deposition or an electroless plating method. The metal electrode thin film 
may be made of Cu, Al or Ni. Laminations of the adhesive metal thin film 
and the metal electrode thin film form a metal thin film which extends on 

15 the surface of the insulative resin thin film 18-2 and within the openings 
19-2 over the metal thin film interconnection layers 22-1. A resist film is 
entirely formed on the metal thin film and then patterned by an exposure 
and a subsequent development to form a resist pattern over the metal thin 
film. The metal thin film is then patterned by a wet etching or a dry etching 

20 by use of the resist pattern as a mask to form metal thin film contact layers 

23- 2 in the openings 19-2 and metal thin film interconnection layers 22-2 
over the insulative resin thin film 18-2, wherein the metal thin film 
interconnection layers 22-2 are in contact directly with the metal thin film 
contact layers 23-2, so that the metal thin film interconnection layers 22-2 
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are electrically connected through the metal thin film contact layers 23-2 to 
the metal thin film interconnection layers 22- 1 . The used resist mask is then 
removed. The metal thin film interconnection layers 22-1 shown in FIG. 
11H correspond to the second level interconnection pattern 6-1 of the 
5 second interconnection layer 6 shown in FIG. 6. The insulative resin thin 
film 18-2 shown in FIG. 11H also corresponds to the second level 
insulating layer 6-2 of the second interconnection layer 6 shown in FIG. 6. 
The metal thin film contact layers 23-2 shown in FIG. 11H also 
corresponds to the second level contact layer 6-3 of the second 
10 interconnection layer 6. The metal thin film interconnection layers 22-2 
shown in FIG. 11H also corresponds to the third level interconnection 
pattern 7-1 of the third interconnection layer 7. 

If the pattern pitch of the metal thin film interconnection layers 

22- 2 is not so narrow, then it is possible as a modification that after the 
15 metal thin film has been formed, then the resist pattern is formed on the 

metal thin film so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film. The used resist mask is then removed. The metal 
thin film is then selectively etched by use of the Cu-plated patterns as a 
20 mask thereby to form the metal thin film interconnection layers 22-2 over 
the insulative resin thin film 18-2 and the metal thin film contact layers 

23- 2 in the openings 19-2. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the 
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metal thin film interconnection layers 22-2 are not more than 1 
micrometers. 

With reference to FIG. Ill, an insulative resin thin film 18-3 is 
then formed over the metal thin film interconnection layers 22-2 and the 
5 insulative resin thin film 18-2. The insulative resin thin film 18-3 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 

10 silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-3. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 

15 insulative resin thin film 18-3 is selectively removed to form openings 19-3 
in the insulative resin thin film 18-3 and over the metal thin film 
interconnection layers 22-2. A resist film is applied on the insulative resin 
thin film 18-3 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-3. 

20 If the insulative resin thin film 18-3 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 18-3 
is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-3 in the insulative resin thin film 18-3. If the 
insulative resin thin film 18-3 is made of a material which is unremovable 
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by the chemical etching process, the insulative resin thin film 18-3 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-3 in the insulative resin thin film 18-3. The metal 
thin film interconnection layers 22-2 are partially shown through the 
openings 19-3 formed in the insulative resin thin film 18-3. The used resist 
pattern is then removed. 

With reference to FIG. 1 1J, an adhesive metal thin film is entirely 
formed which extends on the surface of the insulative resin thin film 18-3 
and the shown parts of the metal thin film interconnection layers 22-2 by a 
sputtering method. The adhesive metal thin film may be made of a Ti-based 
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently, 
a metal electrode thin film is also entirely formed on the adhesive metal 
thin film by a sputtering method, a chemical vapor deposition or an 
electroless plating method. The metal electrode thin film may be made of 
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal 
electrode thin film form a metal thin film which extends on the surface of 
the insulative resin thin film 18-3 and within the openings 19-3 over the 
metal thin film interconnection layers 22-2. A resist film is entirely formed 
on the metal thin film and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film. The metal 
thin film is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-3 in the 
openings 19-3 and metal thin film interconnection layers 22-3 over the 
insulative resin thin film 18-3, wherein the metal thin film interconnection 
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layers 22-3 are in contact directly with the metal thin film contact layers 
23-3, so that the metal thin film interconnection layers 22-3 are electrically 
connected through the metal thin film contact layers 23-3 to the metal thin 
film interconnection layers 22-2. The used resist mask is then removed. 
5 The metal thin film interconnection layers 22-2 shown in FIG. 11J 
correspond to the third level interconnection pattern 7-1 of the third 
interconnection layer 7 shown in FIG. 6. The insulative resin thin film 18-3 
shown in FIG. 1 1 J also corresponds to the third level insulating layer 7-2 of 
the third interconnection layer 7 shown in FIG. 6. The metal thin film 

10 contact layers 23-3 shown in FIG. 11J also corresponds to the third level 
contact layer 7-3 of the third interconnection layer 7. The metal thin film 
interconnection layers 22-3 shown in FIG. 1 1 J also corresponds to the 
fourth level interconnection pattern 8-1 of the third interconnection layer 8. 

If the pattern pitch of the metal thin film interconnection layers 

15 22-3 is not so narrow, then it is possible as a modification that after the 
metal thin film has been formed, then the resist pattern is formed on the 
metal thin film so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film. The used resist mask is then removed. The metal 

20 thin film is then selectively etched by use of the Cu-plated patterns as a 
mask thereby to form the metal thin film interconnection layers 22-3 over 
the insulative resin thin film 18-3 and the metal thin film contact layers 
23-3 in the openings 19-3. 

In accordance with the above described method and its 
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modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-3 are not more than 1 
micrometers. 

With reference to FIG. 11K, an insulative resin thin film 18-4 is 
5 then formed over the metal thin film interconnection layers 22-3 and the 
insulative resin thin film 18-3. The insulative resin thin film 18-4 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 

10 based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-4. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 

1 5 inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 18-4 is selectively removed to form openings 19-4 
in the insulative resin thin film 18-4 and over the metal thin film 
interconnection layers 22-3. A resist film is applied on the insulative resin 
thin film 18-4 and then patterned by an exposure and a subsequent 

20 development to form a resist pattern on the insulative resin thin film 18-4. 
If the insulative resin thin film 18-4 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 1 8-4 
is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-4 in the insulative resin thin film 18-4. If the 
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insulative resin thin film 18-4 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-4 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-4 in the insulative resin thin film 18-3. The metal 
5 thin film interconnection layers 22-3 are partially shown through the 
openings 19-4 formed in the insulative resin thin film 18-4. The used resist 
pattern is then removed. 

With reference to FIG. 11L, an adhesive metal thin film is 
entirely formed which extends on the surface of the insulative resin thin 
10 film 18-4 and the shown parts of the metal thin film interconnection layers 

22- 3 by a sputtering method. The adhesive metal thin film may be made of 
a Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 
Subsequently, a metal electrode thin film is also entirely formed on the 
adhesive metal thin film by a sputtering method, a chemical vapor 

15 deposition or an electroless plating method. The metal electrode thin film 
may be made of Cu, Al or Ni. Laminations of the adhesive metal thin film 
and the metal electrode thin film form a metal thin film which extends on 
the surface of the insulative resin thin film 1 8-4 and within the openings 
19-4 over the metal thin film interconnection layers 22-3. A resist film is 

20 entirely formed on the metal thin film and then patterned by an exposure 
and a subsequent development to form a resist pattern over the metal thin 
film. The metal thin film is then patterned by a wet etching or a dry etching 
by use of the resist pattern as a mask to form metal thin film contact layers 

23- 4 in the openings 19-4 and pad electrodes 22-4 over the insulative resin 



Page 113 



Pf-2683/nec/us/i 




thin film 1 8-4, wherein the pad electrodes 22-4 are in contact directly with 
the metal thin film contact layers 23-4, so that the pad electrodes 22-4 are 
electrically connected through the metal thin film contact layers 23-4 to the 
metal thin film interconnection layers 22-3. The used resist mask is then 
5 removed. The metal thin film interconnection layers 22-3 shown in FIG. 
1 1L correspond to the fourth level interconnection pattern 8-1 of the fourth 
interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4 
shown in FIG. 1 1L also corresponds to the fourth level insulating layer 8-2 
of the fourth interconnection layer 8 shown in FIG. 6. The metal thin film 

10 contact layers 23-4 shown in FIG. 11L also corresponds to the fourth level 
contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes 
22-4 shown in FIG. 11L also corresponds to the fifth level interconnection 
pattern 9-1 of the fifth interconnection layer 9. 

If the pattern pitch of the pad electrodes 22-4 is not so narrow, 

1 5 then it is possible as a modification that after the metal thin film has been 
formed, then the resist pattern is formed on the metal thin film so that a 
selective electroplating of metal such as Cu is carried out by use of the 
resist pattern as a mask to form Cu-plated patterns over the metal thin film. 
The used resist mask is then removed. The metal thin film is then 

20 selectively etched by use of the Cu-plated patterns as a mask thereby to 
form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the 
metal thin film contact layers 23-4 in the openings 19-4. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the pad 
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electrodes 22-4 are not more than 1 micrometers. 

With reference to FIG. 11M, a solder resist film 24 is then 
formed over the pad electrodes 22-4 and the insulative resin thin film 18-4 
in order to protect the multilayer interconnection board 3 having the pad 
5 electrodes 24. The solder resist film 24 shown in FIG. 1 1M corresponds to 
the fifth level insulating layer 9-2 of the fifth interconnection layer 9 shown 
in FIG. 6. The solder resist film 24 may comprise an organic insulating film 
such an epoxy resin film containing an inorganic filler such as fine powders 
of silicon dioxide. Alternatively, the solder resist film 24 may be made of a 

10 material which has a large resistivity to external chemical stress, and a 
large resistivity to a Flux cleaning solution or an Au plating solution as 
well as a high adhesiveness to a sealing material such as an under-fill 
material. If the above first to fourth insulative resin thin films 18-1, 18-2, 
18-3 and 18-4 are highly resistive to the chemical and chemical stresses, it 

15 is possible as a modification to eliminate the formation of the solder resist 
film 24. The solder resist film 24 is selectively removed to form openings 
24a in the solder resist film 24 and over the pad electrodes 22-4. If the 
solder resist film 24 is made of a non-photosensitive material, a resist film 
is applied on the solder resist film 24 and then patterned by an exposure 

20 and a subsequent development to form a resist pattern on the solder resist 
film 24, so that the solder resist film 24 is selectively removed by a wet 
etching by use of the resist pattern as a mask to form the openings 24a in 
the solder resist film 24, followed by removal of the used resist pattern. If 
the solder resist film 24 is made of a photosensitive material, then the 
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solder resist film 24 is directly patterned by an exposure and a subsequent 
development to form the openings 24a in the solder resist film 24. The 
electrode pads 22-4 are partially shown through the openings 24a formed in 
the solder resist film 24. 
5 With reference to FIG. UN, a resist film is entirely applied on a 

bottom surface of the high rigidity plate 16 and then patterned by an 
exposure and a subsequent development to form a resist pattern on the 
bottom surface of the high rigidity plate 16. The high rigidity plate 16 
comprising the metal plate is then selectively etched by use of the resist 

10 pattern as a mask so as to form gaps 26 except under the external electrode 
pads 17-1 and peripheral regions of the unit multilayer interconnection 
boards to be used for the flip-chip semiconductor device, and thus so as to 
leave the high rigidity plate 16 under the external electrode pads 17-1 and 
peripheral regions of the unit multilayer interconnection boards to be used 

1 5 for the flip-chip semiconductor device, whereby plural metal layers 1 1 are 
formed on the external electrode pads 17-1 and supporting frames 25 on the 
peripheral regions of the unit multilayer interconnection boards, wherein 
the plural metal layers 1 1 and the supporting frames 25 are defined by gaps 
26. The gaps 26 reach the bottom surface of the multilayer interconnection 

20 board 3 so that the plural metal layers 11 and the supporting frames 25 are 
completely separated by the gaps 26. Each of the plural metal layers 1 1 is 
in the form of column or pillar. 

With reference to FIG. HO, if the thickness of the high rigidity 
plate 16 comprising the metal plate is thick, for example in the range of 500 
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micrometers to 3 millimeters, it is difficult to realize a highly accurate 
selective etching by use of the resist pattern because the necessary time for 
etching the high rigidity plate 16 comprising the metal plate is so long as 
possibly causing that a part of the resist pattern is etched during the etching 
5 process. For this reason, if the thickness of the high rigidity plate 16 
comprising the metal plate is thick, for example in the range of 500 
micrometers to 3 millimeters, then it is preferable that the high rigidity 
plate 16 comprising the metal plate is first selectively etched by a depth in 
the range of more than a half of the thickness of the high rigidity plate 16 to 

10 less than the thickness of the high rigidity plate 16 by a laser beam 
machining, an electric discharge machining or a selective cutting, whereby 
plural columns 11a are formed under the external electrode pads 17-1 and 
plural columns 25a under the peripheral regions of the unit multilayer 
interconnection boards, wherein the plural columns 11a and the plural 

15 columns 25a are defined by gaps 26a. The gaps 26a do not reach the 
bottom surface of the multilayer interconnection board 3 so that the plural 
columns 11a and the columns 25a are partially separated by the gaps 26a. 
Subsequently, an etching process is then carried out by use of the resist 
pattern as a mask so as to increase the depth of the gaps 26a so that the 

20 gaps 26 reach the bottom surface of the multilayer interconnection board 3 
except under the external electrode pads 17-1 and peripheral regions of the 
unit multilayer interconnection boards to be used for the flip-chip 
semiconductor device, and thus so as to leave the high rigidity plate 16 
under the external electrode pads 17-1 and peripheral regions of the unit 
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multilayer interconnection boards to be used for the flip-chip 
semiconductor device, whereby plural metal layers 1 1 are formed on the 
external electrode pads 17-1 and supporting frames 25 on the peripheral 
regions of the unit multilayer interconnection boards, wherein the plural 
metal layers 1 1 and the supporting frames 25 are defined by gaps 26. The 
gaps 26 reach the bottom surface of the multilayer interconnection board 3 
so that the plural metal layers 11 and the supporting frames 25 are 
completely separated by the gaps 26. Each of the plural metal layers 1 1 is 
in the form of column or pillar. 

With reference to FIG. 1 IP, semiconductor chips 2 are mounted 
on the multilayer interconnection board 3, wherein the semiconductor chips 
2 have the plural bumps 14, and the plural bumps 14 are made into contact 
with the electrode pads 22-4 of the multilayer interconnection board 3, so 
that the semiconductor chips 2 are electrically connected through the plural 
bumps 14 to the multilayer interconnection board 3. If the bumps 14 are 
made of a metal based solder material such as Sn or Pb, a flip-chip bonding 
utilizing a heat re-flow process using Flux is available for bonding the 
plural bumps 14 to the electrode pads 22-4 of the multilayer 
interconnection board 3. If the bumps 14 are made of a metal based solder 
material such as Au or In, a flip-chip bonding utilizing a 
thermo-compression bonding is available for bonding the plural bumps 14 
to the electrode pads 22-4 of the multilayer interconnection board 3. 

The plural metal layers 1 1 of the buffer layer 4 are then subjected 
to an electroless plating for plating laminated Ni and Au layers or 
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laminated Zn, Ni and Au layers on the plural metal layers 1 1 and the pad 
electrodes 22-4 in order to improve a bonding property between the plural 
metal layers 11 and also a bonding property between the pad electrodes 
22-4 and the bumps 14 of the semiconductor chip 2. As a result, the 
5 multilayer interconnection board 3 is completed, which comprises plural 
unit multilayer interconnection boards. A test for electrical characteristics 
of the multilayer interconnection board 3 is then made, so that only 
quality- confirmed units in the plural unit multilayer interconnection boards 
in the electrical characteristic test are then subjected to a mounting process 

10 for mounting semiconductor chips thereon. 

With reference to FIG. HQ, an insulative resin material 31 is 
formed which coats side walls of the semiconductor chips 2, an inter-space 
between the semiconductor chips 2 and the multilayer interconnection 
board 3 around the bumps 14 and the surface of the solder resist film 24 of 

15 the multilayer interconnection board 3 in order to protect the 
semiconductor chips 2, the bumps 14 and the multilayer interconnection 
board 3. This coating process is carried out by use of a resin injection 
technique involving a vacuum sealing technique or a transfer sealing 
technique. The insulative resin material 3 1 may be made of one of epoxy 

20 resin materials, silicone resin materials, polyimide resin materials, 
polyolefin resin materials, cyanate ester resin materials, phenol resin 
materials and naphthalene resin materials. 

With reference to FIG. 1 1R, solder balls 13 are formed which are 
in contact directly with the bottoms of the plural metal layers 1 1 of the 
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buffer layer 4 to form a semiconductor device 1 having the multilayer 
interconnection board 3 and the plural semiconductor chips 2 mounted 
thereon. The solder balls 13 serve as external terminals. The solder balls 13 
may be made of a metal based material such as Sn or Pb. The solder balls 
5 13 may also be free of lead. The solder balls 13 may be made of an 
electrically conductive material having a low melting point, a high heat 
conductivity and a rapid solidity as well as a large surface tension so that 
the electrically conductive material becomes in the form of balls. Since the 
plural metal layers 1 1 of the buffer layer 4 are electrically conductive, the 

10 external electrode pads 17-1 and the solder balls 13 are eclectically 
connected through the plural metal layers 1 1 of the buffer layer 4. 

With reference to FIG. 1 IS, the semiconductor device 1 is then 
diced by use of a dicing blade to divide the semiconductor device 1 into 
plural unit semiconductor devices 32 or flip-chip semiconductor devices 32, 

1 5 each of which comprises the multilayer interconnection board 3 and the 
single semiconductor chip 2 mounted thereon. 

With reference back to FIG. 10, a heat conductive adhesive layer 
41 is provided on a top surface of the semiconductor chip 2. A heat 
spreader 42 is provided on the heat conductive adhesive layer 41 so that the 

20 heat spreader 42 is adhered through the heat conductive adhesive layer 41 
to the top surface of the semiconductor chip 2. A heat generated in the 
semiconductor chip 2 is conducted through the heat conductive adhesive 
layer 41 to the heat spreader 42 for causing a heat radiation from the heat 
spreader 42. The heat spreader 42 may be made of a heat conductive 
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material such as a metal base material, for example, Cu, Al, W, Mo, Fe, Ni, 
and Cr, or A1203, A1N, SiC, other ceramics such as mullite. The heat 
conductive adhesive layer 41 may be made of a resin based material 
containing a heat conductive material, wherein the resin based material 
5 may be one of epoxy resin materials, silicone resin materials, polyimide 
resin materials, polyolefin resin materials, cyanate ester resin materials, 
phenol resin materials and naphthalene resin materials, whilst the heat 
conductive material may be one of Ag, Pd, Cu, Al, Au, Mo, W, diamond, 
A1203, A1N, and ceramic materials such as mullite, BN and SiC. 

10 The flip-chip is usually applied to a high speed logic device 

having a large number of pins, for which reason the heat radiation from the 
semiconductor chip 2 is important. In this embodiment, the heat spreader 
42 is provided to improve the heat radiation characteristic of the flip- chip 
semiconductor device 32. 

15 In accordant with the present invention, the base material of the 

multilayer interconnection board is not largely different in thermal 
expansion coefficient from the semiconductor chip to reduce a stress 
applied between the multilayer interconnection board and the 
semiconductor chip, thereby keeping a high reliability in connection 

20 between the multilayer interconnection board and the semiconductor chip. 
The reduction in stress applied between the multilayer interconnection 
board and the semiconductor chip makes it unnecessary to increase the 
thicknesses of the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 
for stress relaxation, but makes it possible that the thicknesses of the 
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multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 are thin, for 
example, not more than 1 micrometer. A metallization technique for the 
semiconductor wafer and an apparatus therefor are utilized for allowing the 
resist films and the multilevel interconnections 17-1,2-1, 22-2, 22-3 and 24 
5 to be patterned finely, thereby permitting a further shrinkage of the 
interconnection patterns. 

Further, the multilayer interconnection board remains adhered or 
fixed to the high rigidity plate such as the metal plate during when the 
multilayer interconnection board is formed, so that the high rigidity plate 

1 0 provides or ensures a high planarity to the multilayer interconnection board. 
Even the high rigidity plate is different in linear expansion coefficient from 
the multilayer interconnection board, the high rigidity plate suppresses 
generation of internal stress in the multilayer interconnection board and 
expansion of the multilayer interconnection board, so that the high rigidity 

15 plate suppresses the multilayer interconnection board from being bent, 
whereby the multilayer interconnection board is free from any 
misalignment in patterning the insulating layers and the interconnection 
layers, resulting in a high yield of the flip-chip semiconductor device. 

As described above, the high rigidity plate is necessary or 

20 important for keeping the multilayer interconnection board to have the high 
planarity until the multilayer interconnection board is completed. 
Notwithstanding, the high rigidity plate is not necessarily needed to the 
final product, for example, the flip-chip semiconductor device, for which 
reason as described above, after the multilayer interconnection board has 
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been completed, then the high rigidity plate is removed. After the high 
rigidity plate is removed from the bottom surface of the multilayer 
interconnection board, then the bottom surface of the multilayer 
interconnection board is shown, for which reason the bottom or first 
5 insulating layer of the multilayer interconnection board may preferably be 
made of an insulating material such as an organic material which has a 
flexibility to an externally applied stress. 

Accordingly, the single multilayer interconnection board is 
adhered or fixed to the one side of the high rigidity plate to form an 

10 asymmetric structure. The high rigidity plate prevents the multilayer 
interconnection board from being bent during the fabrication of the 
multilayer interconnection board. If the multilayer interconnection boards 
are adhered or fixed to both surfaces of the high rigidity plate, then it is 
necessary to form through holes in the high rigidity plate. In accordance 

15 with the present invention, however, it is unnecessary to form such the 
through holes in the high rigidity plate, whereby there are raised no 
problem with defect of the final product due to dusts generated in forming 
the through holes in the high rigidity plate nor problem with increase in the 
manufacturing cost due to additional process for forming the through holes 

20 in the high rigidity plate. 

In the above embodiment, the high rigidity plate is removed after 
the multilayer interconnection board is completed and before the 
semiconductor chips are mounted on the multilayer interconnection board. 

It is, however, possible to remove the high rigidity plate from the 



Page 123 



Pf-2683/nec/us/i 




multilayer interconnection board after the semiconductor chips have been 
mounted on the multilayer interconnection board. When the semiconductor 
chips are mounted on the multilayer interconnection board, the multilayer 
interconnection board still remains adhered or fixed to the high rigidity 
5 plate, so that in order to ensure or keep the high planarity of the multilayer 
interconnection board, the high rigidity plate suppresses various strains of 
the entire or part of the multilayer interconnection board and the 
semiconductor chips due to mechanical and thermal stresses applied to the 
multilayer interconnection board and the semiconductor chips. 

10 It is, also, possible to remove the high rigidity plate from the 

multilayer interconnection board after the heat spreader has been adhered 
through the heat conductive adhesive layer to the semiconductor chips 
mounted on the multilayer interconnection board and before the solder 
balls are formed. When the semiconductor chips are mounted on the 

15 multilayer interconnection board and then the heat spreader are then 
adhered through the heat conductive adhesive layer to the semiconductor 
chips mounted on the multilayer interconnection board, the multilayer 
interconnection board still remains adhered or fixed to the high rigidity 
plate, so that in order to ensure or keep the high planarity of the multilayer 

20 interconnection board, the high rigidity plate suppresses various strains of 
the entire or part of the multilayer interconnection board and the 
semiconductor chips due to mechanical and thermal stresses applied to the 
multilayer interconnection board and the semiconductor chips. 

Furthermore, in the end user's side, the above flip-chip 
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semiconductor device 32 is mounted through the solder balls 13 to a circuit 
board which is not illustrated. The solder balls 13 have a small stand-off 
height which is insufficient for relaxation of the stress applied between the 
above flip-chip semiconductor device 32 and the circuit board. The buffer 
5 layer 4 is formed on the external electrode pads 17 of the multilayer 
interconnection board 3. Solder balls 13 are formed on the bottom surface 
of the buffer layer 4. The buffer layer 4 comprises plurality of metal buffer 
layers 11 which are in contact with the external electrode pads 17. The 
buffer layer 4 is thus provided between the external electrode pads 17 of 

10 the multilayer interconnection board 3 and the solder balls 13. The buffer 
layer 4 comprising plural metal buffer layers 1 1 has a sufficient stand-off 
height for relaxing the stress applied between the flip-chip semiconductor 
device 32 and the circuit board not illustrated due to a difference in thermal 
expansion coefficient between the flip-chip semiconductor device 32 and 

15 the circuit board. The buffer layer 4 further contributes to suppress the 
multilayer interconnection board 3 from being bent. Further, the supporting 
frame 25 is provided which extends on a peripheral region of the bottom 
surface of the multilayer interconnection board 3. The supporting frame 25 
protects the multilayer interconnection board 3 and the buffer layer 4 

20 comprising plurality of metal buffer layers 11 from mechanical stresses 
when the product is handled. Since the buffer layer 4 comprises the plural 
metal buffer layers 11, the external electrode pads 17 of the multilayer 
interconnection board 3 are electrically connected through the plural metal 
buffer layers 1 1 to the solder balls 13. 
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The stress is likely to be concentrated to joint parts between the 
plural metal buffer layers 1 1 of the buffer layer 4 and the external electrode 
pads 17 of the multilayer interconnection board 3. Other novel technique 
for solving this disadvantage will be provided in the following fifth 
5 embodiment. 

FIFTH EMBODIMENT : 

A fifth embodiment according to the present invention will be 
described in detail with reference to the drawings. A difference of the fifth 

10 embodiment from the fourth embodiment is in that the buffer layer 
comprises the plural metal layers and stress absorption layers which are 
provided between solder balls and external electrode pads for allowing 
relaxation to stress applied between the flip-chip semiconductor device and 
the circuit board. In the end user's side, the flip-chip semiconductor device 

15 is mounted through the solder balls to the circuit board which is not 
illustrated. The solder balls have a small stand-off height which is 
insufficient for relaxation of the stress applied between the flip-chip 
semiconductor device and the circuit board. The buffer layer as a first 
substrate layer is provided between the solder balls and the external 

20 electrode pads for relaxation of the stress applied between the flip-chip 
semiconductor device and the circuit board. 

FIG. 12 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a fifth embodiment according to the 
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present invention. A semiconductor device 32 has a multilayer 
interconnection board 3. A flip-chip semiconductor chip 2 is flip-mounted 
on the multilayer interconnection board 3, wherein a first surface of the 
flip-chip semiconductor chip 2 is electrically connected through bumps 14 
5 to a first surface of the multilayer interconnection board 3. A second 
surface of the multilayer interconnection board 3 has arrays of external 
electrode pads 17 on which a buffer layer 4 is formed. Solder balls 13 are 
formed on a bottom surface of the buffer layer 4. The buffer layer 4 
comprises plural metal buffer layers 11 which are in contact with the 

10 external electrode pads 17 and a stress absorption layer 12 in gaps between 
the plural metal buffer layers 11. The buffer layer 4 is thus provided 
between the external electrode pads 17 of the multilayer interconnection 
board 3 and the solder balls 13. The buffer layer 4 comprising plural metal 
buffer layers 11 and the stress absorption layer 12 has a sufficient stand-off 

15 height for relaxing the stress applied between the flip-chip semiconductor 
device 32 and the circuit board not illustrated. Further, a supporting frame 
25 is provided which extends on a peripheral region of the bottom surface 
of the multilayer interconnection board 3. The stress absorption layer 12 is 
provided on the bottom surface of the multilayer interconnection board 3 

20 except under the external electrode pads 17 and the peripheral region of the 
multilayer interconnection board 3. The stress absorption layer 12 is also 
provided between the plural metal buffer layers 11 and the supporting 
frame 25. The stress absorption layer 12 has a multilayer structure which 
has physical properties absorbing stresses and strains. The stress absorption 
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layer 12 may be made of a silicone resin material. Organic materials such 
as epoxy based resins, silicone based resins, polyolefin based resins, 
cyanate ester based resins, phenol based resins, naphthalene based resins 
are also available for the stress absorption layer 12. The supporting frame 
5 25 protects the multilayer interconnection board 3 and the buffer layer 4 
comprising plurality of metal buffer layers 1 1 from mechanical stresses 
when the product is handled. Since the buffer layer 4 comprises the plural 
metal buffer layers 11, the external electrode pads 17 of the multilayer 
interconnection board 3 are electrically connected through the plural metal 

10 buffer layers 11 to the solder balls 13. A sealing resin material 31 is 
provided over the first surface of the multilayer interconnection board 3 for 
sealing the semiconductor chip 2 and the bumps 14. The bumps 14 and the 
solder balls 13 are eclectically connected to each other through multilevel 
interconnections of the multilayer interconnection board 3 . 

15 The buffer layer 4 comprising the plural metal buffer layers 11 

and the stress absorption layer 12 has a higher rigidity than the multilayer 
interconnection board 3, provided that the buffer layer 4 buffers or relaxes 
the stress applied between the multilayer interconnection board 3 and the 
circuit board not illustrated. 

20 As a modification, it is possible for increasing the buffering 

ability of the stress absorption layer 12 to eliminate the supporting frame 
25. 

The structure of the multilayer interconnection board 3 is the 
same as in the fourth embodiment and as shown in FIG. 6. 
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FIG. 13 is a bottom plane view illustrative of a bottom side of the 
flip-chip semiconductor device shown in FIG. 12. The solder balls 13 are 
aligned in matrix over the second surface or the bottom surface of the 
multilayer interconnection board 3 of the semiconductor device 3. The 
5 supporting frame 25 extends on the peripheral region of the multilayer 
interconnection board 3. The stress absorption layer 12 extends around the 
plural metal buffer layers 1 1 and are surrounded by the supporting frame 25. 
A volume ratio of the plural metal buffer layers 1 1 to the stress absorption 
layer 12 and the alignment of the plural metal buffer layers 1 1 depend upon 
10 the specifications of the final product which comprises the semiconductor 
chip 2, the multilayer interconnection board 3 and the circuit board not 
illustrated. 

FIGS. 14A through 14S are fragmentary cross sectional elevation 
views illustrative of a novel method of forming a semiconductor device 
15 having a multilayer interconnection board on which a semiconductor chip 
is mounted in a fifth embodiment in accordance with the present invention. 

With reference to FIG. 14A, a high rigidity plate 16 is prepared. 
The high rigidity plate 16 may be made of any material having a high 
rigidity. Metals such as Cu-, Ni-, A1-, W-, Mo-, Au-, Ag- and Pt-based 
20 metals, complex materials of different metals and ceramics are available for 
the high rigidity plate 16. 

With reference to FIG. 14B, an adhesive metal layer of a metal 
such as a Ti-base alloy, a Cr-base alloy, a Mo-base alloy, and a W-base 
alloy is formed on a first surface of the high rigidity plate 16 by a 
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sputtering method. An electrode material layer of a metal such as Cu, Al, 
and Ni is then formed on the adhesive metal layer by a sputtering method 
to form laminations of the adhesive metal layer and the electrode material 
layer. A resist film is then applied on the laminations of the adhesive metal 
5 layer and the electrode material layer. The resist film is then patterned by 
an exposure and a subsequent development to form a resist pattern. A 
selective wet etching process or a selective dry etching process to the 
laminations of the adhesive metal layer and the electrode material layer is 
carried out by use of the resist pattern as a mask so as to pattern the 
10 laminations of the adhesive metal layer and the electrode material layer, 
whereby external electrode pads 17-1 are selectively formed on the first 
surface of the high rigidity plate 16. The used resist pattern is then 
removed. 

If a minimum pitch of the external electrode pads 17-1 is not so 
1 5 narrow, then it is possible as a modification that a resist is coated directly 
on the first surface of the high rigidity plate 16 and then patterned by an 
exposure and a development to form a resist pattern before a selective 
electroplating of metal is then carried out by use of the resist pattern as a 
mask, followed by removal of the used resist pattern. 
20 With reference to FIG. 14C, an insulative resin thin film 18-1 is 

then formed over the external electrode pads 17-1 and the first surface of 
the high rigidity plate 16. The insulative resin thin film 18-1 may comprise 
a polyimide based resin thin film which may be formed by a spin coating 
method, a chemical vapor deposition method or a physical vapor deposition 
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method. In place of the polyimide based resin, silicon dioxide based 
inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
5 insulative resin thin film 18-1. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. 

With reference to FIG. 14D, the insulative resin thin film 18-1 is 
selectively removed to form openings 19-1 in the insulative resin thin film 

10 18-1 and over the external electrode pads 17-1. A resist film is applied on 
the insulative resin thin film 18-1 and then patterned by an exposure and a 
subsequent development to form a resist pattern on the insulative resin thin 
film 18-1. If the insulative resin thin film 18-1 is made of a material which 
is removable by a chemical etching process, the insulative resin thin film 

15 18-1 is selectively removed by a wet etching by use of the resist pattern as 
a mask to form the openings 19-1 in the insulative resin thin film 18-1. If 
the insulative resin thin film 18-1 is made of a material which is 
unremovable by the chemical etching process, the insulative resin thin film 
18-1 is selectively removed by a dry etching by use of the resist pattern as a 

20 mask to form the openings 19-1 in the insulative resin thin film 18-1. The 
external electrode pads 17-1 are partially shown through the openings 19-1 
formed in the insulative resin thin film 18-1. The used resist pattern is then 
removed. 

With reference to FIG. 14E, an adhesive metal thin film 21a is 
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entirely formed which extends on the surface of the insulative resin thin 
film 18-1 and the shown parts of the external electrode pads 17-1 by a 
sputtering method. The adhesive metal thin film 21a may be made of a 
Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 
5 Subsequently, a metal electrode thin film 21b is also entirely formed on the 
adhesive metal thin film 21a by a sputtering method, a chemical vapor 
deposition or an electroless plating method. The metal electrode thin film 
21b may be made of Cu, Al or Ni. Laminations of the adhesive metal thin 
film 21a and the metal electrode thin film 21b form a metal thin film 21 

10 which extends on the surface of the insulative resin thin film 18-1 and 
within the openings 19-1 over the external electrode pads 17-1. 

With reference to FIG. 14F, a resist film is entirely formed on the 
metal thin film 21 and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film 2 1 . The metal 

1 5 thin film 21 is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-1 in the 
openings 19-1 and metal thin film interconnection layers 22-1 over the 
insulative resin thin film 18-1, wherein the metal thin film interconnection 
layers 22-1 are in contact directly with the metal thin film contact layers 

20 23-1, so that the metal thin film interconnection layers 22-1 are electrically 
connected through the metal thin film contact layers 23-1 to the external 
electrode pads 17-1. The used resist mask is then removed. The external 
electrode pads 17-1 shown in FIG. 14F correspond to the first level 
interconnection pattern 5-1 of the first interconnection layer 5 shown in 
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FIG. 6. The insulative resin thin film 18-1 shown in FIG. 14F also 
corresponds to the first level insulating layer 5-2 of the first interconnection 
layer 5 shown in FIG. 6. The metal thin film contact layers 23-1 shown in 
FIG. 14F also corresponds to the first level contact layer 5-3 of the first 
5 interconnection layer 5. The metal thin film interconnection layers 22-1 
shown in FIG. 14F also corresponds to the second level interconnection 
pattern 6-1 of the second interconnection layer 6. 

If the pattern pitch of the metal thin film interconnection layers 
22-1 is not so narrow, then it is possible as a modification that after the 

10 metal thin film 21 has been formed, then the resist pattern is formed on the 
metal thin film 21 so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film 21. The used resist mask is then removed. The 
metal thin film 21 is then selectively etched by use of the Cu-plated 

15 patterns as a mask thereby to form the metal thin film interconnection 
layers 22-1 over the insulative resin thin film 18-1 and the metal thin film 
contact layers 23-1 in the openings 19-1. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the 

20 metal thin film interconnection layers 22-1 are not more than 1 
micrometers. 

With reference to FIG. 14G, an insulative resin thin film 18-2 is 
then formed over the metal thin film interconnection layers 22-1 and the 
insulative resin thin film 18-1. The insulative resin thin film 18-2 may 
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comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 
5 silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-2. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 

10 insulative resin thin film 18-2 is selectively removed to form openings 19-2 
in the insulative resin thin film 18-2 and over the metal thin film 
interconnection layers 22-1. A resist film is applied on the insulative resin 
thin film 18-2 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-2. 

15 If the insulative resin thin film 18-2 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 1 8-2 
is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-2 in the insulative resin thin film 18-2. If the 
insulative resin thin film 18-2 is made of a material which is unremovable 

20 by the chemical etching process, the insulative resin thin film 18-2 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-2 in the insulative resin thin film 18-2. The metal 
thin film interconnection layers 22-1 are partially shown through the 
openings 19-2 formed in the insulative resin thin film 18-2. The used resist 
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pattern is then removed. 

With reference to FIG. 14H, an adhesive metal thin film is 
entirely formed which extends on the surface of the insulative resin thin 
film 18-2 and the shown parts of the metal thin film interconnection layers 
5 22- 1 by a sputtering method. The adhesive metal thin film may be made of 
a Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 
Subsequently, a metal electrode thin film is also entirely formed on the 
adhesive metal thin film by a sputtering method, a chemical vapor 
deposition or an electroless plating method. The metal electrode thin film 

10 may be made of Cu, Al or Ni. Laminations of the adhesive metal thin film 
and the metal electrode thin film form a metal thin film which extends on 
the surface of the insulative resin thin film 18-2 and within the openings 
19-2 over the metal thin film interconnection layers 22-1. A resist film is 
entirely formed on the metal thin film and then patterned by an exposure 

1 5 and a subsequent development to form a resist pattern over the metal thin 
film. The metal thin film is then patterned by a wet etching or a dry etching 
by use of the resist pattern as a mask to form metal thin film contact layers 
23-2 in the openings 19-2 and metal thin film interconnection layers 22-2 
over the insulative resin thin film 18-2, wherein the metal thin film 

20 interconnection layers 22-2 are in contact directly with the metal thin film 
contact layers 23-2, so that the metal thin film interconnection layers 22-2 
are electrically connected through the metal thin film contact layers 23-2 to 
the metal thin film interconnection layers 22- 1 . The used resist mask is then 
removed. The metal thin film interconnection layers 22-1 shown in FIG. 
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14H correspond to the second level interconnection pattern 6-1 of the 
second interconnection layer 6 shown in FIG. 6. The insulative resin thin 
film 18-2 shown in FIG. 14H also corresponds to the second level 
insulating layer 6-2 of the second interconnection layer 6 shown in FIG. 6. 
5 The metal thin film contact layers 23-2 shown in FIG. 14H also 
corresponds to the second level contact layer 6-3 of the second 
interconnection layer 6. The metal thin film interconnection layers 22-2 
shown in FIG. 14H also corresponds to the third level interconnection 
pattern 7-1 of the third interconnection layer 7. 
10 If the pattern pitch of the metal thin film interconnection layers 

22- 2 is not so narrow, then it is possible as a modification that after the 
metal thin film has been formed, then the resist pattern is formed on the 
metal thin film so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 

15 over the metal thin film. The used resist mask is then removed. The metal 
thin film is then selectively etched by use of the Cu-plated patterns as a 
mask thereby to form the metal thin film interconnection layers 22-2 over 
the insulative resin thin film 18-2 and the metal thin film contact layers 

23- 2 in the openings 19-2. 

20 In accordance with the above described method and its 

modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-2 are not more than 1 
micrometers. 

With reference to FIG. 141, an insulative resin thin film 18-3 is 
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then formed over the metal thin film interconnection layers 22-2 and the 
insulative resin thin film 18-2. The insulative resin thin film 18-3 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
5 deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-3. If a fine pattern of not more than 1.0 

10 micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 1 8-3 is selectively removed to form openings 1 9-3 
in the insulative resin thin film 18-3 and over the metal thin film 
interconnection layers 22-2. A resist film is applied on the insulative resin 

15 thin film 18-3 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-3. 
If the insulative resin thin film 18-3 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 18-3 
is selectively removed by a wet etching by use of the resist pattern as a 

20 mask to form the openings 19-3 in the insulative resin thin film 18-3. If the 
insulative resin thin film 18-3 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-3 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-3 in the insulative resin thin film 18-3. The metal 
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thin film interconnection layers 22-2 are partially shown through the 
openings 19-3 formed in the insulative resin thin film 18-3. The used resist 
pattern is then removed. 

With reference to FIG. 14J, an adhesive metal thin film is entirely 
formed which extends on the surface of the insulative resin thin film 18-3 
and the shown parts of the metal thin film interconnection layers 22-2 by a 
sputtering method. The adhesive metal thin film may be made of a Ti-based 
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently, 
a metal electrode thin film is also entirely formed on the adhesive metal 
thin film by a sputtering method, a chemical vapor deposition or an 
electroless plating method. The metal electrode thin film may be made of 
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal 
electrode thin film form a metal thin film which extends on the surface of 
the insulative resin thin film 18-3 and within the openings 19-3 over the 
metal thin film interconnection layers 22-2. A resist film is entirely formed 
on the metal thin film and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film. The metal 
thin film is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-3 in the 
openings 19-3 and metal thin film interconnection layers 22-3 over the 
insulative resin thin film 18-3, wherein the metal thin film interconnection 
layers 22-3 are in contact directly with the metal thin film contact layers 
23-3, so that the metal thin film interconnection layers 22-3 are electrically 
connected through the metal thin film contact layers 23-3 to the metal thin 
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film interconnection layers 22-2. The used resist mask is then removed. 
The metal thin film interconnection layers 22-2 shown in FIG. 14J 
correspond to the third level interconnection pattern 7-1 of the third 
interconnection layer 7 shown in FIG. 6. The insulative resin thin film 18-3 
5 shown in FIG. 14J also corresponds to the third level insulating layer 7-2 of 
the third interconnection layer 7 shown in FIG. 6. The metal thin film 
contact layers 23-3 shown in FIG. 14J also corresponds to the third level 
contact layer 7-3 of the third interconnection layer 7. The metal thin film 
interconnection layers 22-3 shown in FIG. 14J also corresponds to the 

10 fourth level interconnection pattern 8-1 of the third interconnection layer 8. 

If the pattern pitch of the metal thin film interconnection layers 
22-3 is not so narrow, then it is possible as a modification that after the 
metal thin film has been formed, then the resist pattern is formed on the 
metal thin film so that a selective electroplating of metal such as Cu is 

1 5 carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film. The used resist mask is then removed. The metal 
thin film is then selectively etched by use of the Cu-plated patterns as a 
mask thereby to form the metal thin film interconnection layers 22-3 over 
the insulative resin thin film 18-3 and the metal thin film contact layers 

20 23-3 in the openings 19-3. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-3 are not more than 1 
micrometers. 
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With reference to FIG. 14K, an insulative resin thin film 18-4 is 
then formed over the metal thin film interconnection layers 22-3 and the 
insulative resin thin film 18-3. The insulative resin thin film 18-4 may 
comprise a polyimide based resin thin film which may be formed by a spin 
5 coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 

10 insulative resin thin film 18-4. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 18-4 is selectively removed to form openings 19-4 
in the insulative resin thin film 18-4 and over the metal thin film 

15 interconnection layers 22-3. A resist film is applied on the insulative resin 
thin film 18-4 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-4. 
If the insulative resin thin film 18-4 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 1 8-4 

20 is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-4 in the insulative resin thin film 18-4. If the 
insulative resin thin film 18-4 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-4 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
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to form the openings 19-4 in the insulative resin thin film 18-3. The metal 
thin film interconnection layers 22-3 are partially shown through the 
openings 19-4 formed in the insulative resin thin film 18-4. The used resist 
pattern is then removed. 
5 With reference to FIG. 14L, an adhesive metal thin film is 

entirely formed which extends on the surface of the insulative resin thin 
film 1 8-4 and the shown parts of the metal thin film interconnection layers 

22- 3 by a sputtering method. The adhesive metal thin film may be made of 
a Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 

10 Subsequently, a metal electrode thin film is also entirely formed on the 
adhesive metal thin film by a sputtering method, a chemical vapor 
deposition or an electroless plating method. The metal electrode thin film 
may be made of Cu, Al or Ni. Laminations of the adhesive metal thin film 
and the metal electrode thin film form a metal thin film which extends on 

15 the surface of the insulative resin thin film 18-4 and within the openings 
19-4 over the metal thin film interconnection layers 22-3. A resist film is 
entirely formed on the metal thin film and then patterned by an exposure 
and a subsequent development to form a resist pattern over the metal thin 
film. The metal thin film is then patterned by a wet etching or a dry etching 

20 by use of the resist pattern as a mask to form metal thin film contact layers 

23- 4 in the openings 19-4 and pad electrodes 22-4 over the insulative resin 
thin film 1 8-4, wherein the pad electrodes 22-4 are in contact directly with 
the metal thin film contact layers 23-4, so that the pad electrodes 22-4 are 
electrically connected through the metal thin film contact layers 23-4 to the 
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metal thin film interconnection layers 22-3. The used resist mask is then 
removed. The metal thin film interconnection layers 22-3 shown in FIG. 
14L correspond to the fourth level interconnection pattern 8-1 of the fourth 
interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4 
5 shown in FIG. 14L also corresponds to the fourth level insulating layer 8-2 
of the fourth interconnection layer 8 shown in FIG. 6. The metal thin film 
contact layers 23-4 shown in FIG. 14L also corresponds to the fourth level 
contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes 
22-4 shown in FIG. 14L also corresponds to the fifth level interconnection 

10 pattern 9-1 of the fifth interconnection layer 9. 

If the pattern pitch of the pad electrodes 22-4 is not so narrow, 
then it is possible as a modification that after the metal thin film has been 
formed, then the resist pattern is formed on the metal thin film so that a 
selective electroplating of metal such as Cu is carried out by use of the 

1 5 resist pattern as a mask to form Cu-plated patterns over the metal thin film. 
The used resist mask is then removed. The metal thin film is then 
selectively etched by use of the Cu-plated patterns as a mask thereby to 
form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the 
metal thin film contact layers 23-4 in the openings 19-4. 

20 In accordance with the above described method and its 

modification, it is possible that the thicknesses of the resist film and the pad 
electrodes 22-4 are not more than 1 micrometers. 

With reference to FIG. 14M, a solder resist film 24 is then 
formed over the pad electrodes 22-4 and the insulative resin thin film 1 8-4 
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in order to protect the multilayer interconnection board 3 having the pad 
electrodes 24. The solder resist film 24 shown in FIG. 14M corresponds to 
the fifth level insulating layer 9-2 of the fifth interconnection layer 9 shown 
in FIG. 6. The solder resist film 24 may comprise an organic insulating film 
5 such an epoxy resin film containing an inorganic filler such as fine powders 
of silicon dioxide. Alternatively, the solder resist film 24 may be made of a 
material which has a large resistivity to external chemical stress, and a 
large resistivity to a Flux cleaning solution or an Au plating solution as 
well as a high adhesiveness to a sealing material such as an under-fill 
=i 10 material. If the above first to fourth insulative resin thin films 18-1, 18-2, 

[I 18-3 and 18-4 are highly resistive to the chemical and chemical stresses, it 

t is possible as a modification to eliminate the formation of the solder resist 

i film 24. The solder resist film 24 is selectively removed to form openings 

:h 24a in the solder resist film 24 and over the pad electrodes 22-4. If the 

=j 15 solder resist film 24 is made of a non-photosensitive material, a resist film 

^ is applied on the solder resist film 24 and then patterned by an exposure 

" and a subsequent development to form a resist pattern on the solder resist 

film 24, so that the solder resist film 24 is selectively removed by a wet 
etching by use of the resist pattern as a mask to form the openings 24a in 
20 the solder resist film 24, followed by removal of the used resist pattern. If 
the solder resist film 24 is made of a photosensitive material, then the 
solder resist film 24 is directly patterned by an exposure and a subsequent 
development to form the openings 24a in the solder resist film 24. The 
electrode pads 22-4 are partially shown through the openings 24a formed in 
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the solder resist film 24. 

With reference to FIG. 14N, a resist film is entirely applied on a 
bottom surface of the high rigidity plate 16 and then patterned by an 
exposure and a subsequent development to form a resist pattern on the 
5 bottom surface of the high rigidity plate 16. The high rigidity plate 16 
comprising the metal plate is then selectively etched by use of the resist 
pattern as a mask so as to form gaps 26 except under the external electrode 
pads 17-1 and peripheral regions of the unit multilayer interconnection 
boards to be used for the flip-chip semiconductor device, and thus so as to 
10 leave the high rigidity plate 16 under the external electrode pads 17-1 and 
peripheral regions of the unit multilayer interconnection boards to be used 
for the flip-chip semiconductor device, whereby plural metal layers 1 1 are 
formed on the external electrode pads 17-1 and supporting frames 25 on the 
peripheral regions of the unit multilayer interconnection boards, wherein 
15 the plural metal layers 1 1 and the supporting frames 25 are defined by gaps 
26. The gaps 26 reach the bottom surface of the multilayer interconnection 
board 3 so that the plural metal layers 11 and the supporting frames 25 are 
completely separated by the gaps 26. Each of the plural metal layers 1 1 is 
in the form of column or pillar. 
20 If the thickness of the high rigidity plate 16 comprising the metal 

plate is thick, for example in the range of 500 micrometers to 3 millimeters, 
it is difficult to realize a highly accurate selective etching by use of the 
resist pattern because the necessary time for etching the high rigidity plate 
16 comprising the metal plate is so long as possibly causing that a part of 
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the resist pattern is etched during the etching process. For this reason, if the 
thickness of the high rigidity plate 16 comprising the metal plate is thick, 
for example in the range of 500 micrometers to 3 millimeters, then it is 
preferable that the high rigidity plate 16 comprising the metal plate is first 
selectively etched by a depth in the range of more than a half of the 
thickness of the high rigidity plate 16 to less than the thickness of the high 
rigidity plate 16 by a laser beam machining, an electric discharge 
machining or a selective cutting, whereby plural columns 11a are formed 
under the external electrode pads 17-1 and plural columns 25a under the 
peripheral regions of the unit multilayer interconnection boards, wherein 
the plural columns 1 la and the plural columns 25a are defined by gaps 26a. 
The gaps 26a do not reach the bottom surface of the multilayer 
interconnection board 3 so that the plural columns 11a and the columns 25a 
are partially separated by the gaps 26a. Subsequently, an etching process is 
then carried out by use of the resist pattern as a mask so as to increase the 
depth of the gaps 26a so that the gaps 26 reach the bottom surface of the 
multilayer interconnection board 3 except under the external electrode pads 
17-1 and peripheral regions of the unit multilayer interconnection boards to 
be used for the flip-chip semiconductor device, and thus so as to leave the 
high rigidity plate 16 under the external electrode pads 17-1 and peripheral 
regions of the unit multilayer interconnection boards to be used for the 
flip-chip semiconductor device, whereby plural metal layers 1 1 are formed 
on the external electrode pads 17-1 and supporting frames 25 on the 
peripheral regions of the unit multilayer interconnection boards, wherein 
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the plural metal layers 1 1 and the supporting frames 25 are defined by gaps 
26. The gaps 26 reach the bottom surface of the multilayer interconnection 
board 3 so that the plural metal layers 11 and the supporting frames 25 are 
completely separated by the gaps 26. Each of the plural metal layers 1 1 is 
5 in the form of column or pillar. 

With reference to FIG. 140, an insulative stress absorption resin 
is provided to completely fill the gaps 26 between the plural metal layers 
11 and the supporting frames 25 to form stress absorption layers 12 
between the plural metal layers 11 and the supporting frames 25. The stress 
10 absorption layers 12 protects the plural metal layers 11 and the multilayer 
interconnection board 3 from mechanical and chemical stresses. The 
insulative stress absorption resin is provided to completely fill the gaps 26 
by a spin coating method or a transfer sealing technique. If the bottom 
surfaces of the plural metal layers 11 are coated with the insulative stress 
15 absorption resin, then the insulative stress absorption resin coating the 
bottom surfaces of the plural metal layers 1 1 are removed, for example by a 
chemical mechanical polishing method or any available removal method, 
so that the bottom surfaces of the plural metal layers 11 are shown. The 
plural metal layers 11 of the buffer layer 4 are then subjected to an 
20 electroless plating for plating laminated Ni and Au layers or laminated Zn, 
Ni and Au layers on the plural metal layers 1 1 and the pad electrodes 22-4 
in order to improve a bonding property between the plural metal layers 1 1 
and also a bonding property between the pad electrodes 22-4 and the 
bumps 14 of the semiconductor chip 2. As a result, the multilayer 
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interconnection board 3 is completed, which comprises plural unit 
multilayer interconnection boards. 

With reference to FIG. 14P, semiconductor chips 2 are mounted 
on the multilayer interconnection board 3, wherein the semiconductor chips 
2 have the plural bumps 14, and the plural bumps 14 are made into contact 
with the electrode pads 22-4 of the multilayer interconnection board 3, so 
that the semiconductor chips 2 are electrically connected through the plural 
bumps 14 to the multilayer interconnection board 3. If the bumps 14 are 
made of a metal based solder material such as Sn or Pb, a flip-chip bonding 
utilizing a heat re-flow process using Flux is available for bonding the 
plural bumps 14 to the electrode pads 22-4 of the multilayer 
interconnection board 3. If the bumps 14 are made of a metal based solder 
material such as Au or In, a flip-chip bonding utilizing a 
thermo-compression bonding is available for bonding the plural bumps 14 
to the electrode pads 22-4 of the multilayer interconnection board 3. 

With reference to FIG. 14Q, an insulative resin material 31 is 
formed which coats side walls of the semiconductor chips 2, an inter-space 
between the semiconductor chips 2 and the multilayer interconnection 
board 3 around the bumps 14 and the surface of the solder resist film 24 of 
the multilayer interconnection board 3 in order to protect the 
semiconductor chips 2, the bumps 14 and the multilayer interconnection 
board 3. This coating process is carried out by use of a resin injection 
technique involving a vacuum sealing technique or a transfer sealing 
technique. The insulative resin material 3 1 may be made of one of epoxy 
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resin materials, silicone resin materials, polyimide resin materials, 
polyolefin resin materials, cyanate ester resin materials, phenol resin 
materials and naphthalene resin materials. 

With reference to FIG. 14R, solder balls 13 are formed which are 
5 in contact directly with the bottoms of the plural metal layers 1 1 of the 
buffer layer 4 to form a semiconductor device 1 having the multilayer 
interconnection board 3 and the plural semiconductor chips 2 mounted 
thereon. The solder balls 13 serve as external terminals. The solder balls 13 
may be made of a metal based material such as Sn or Pb. The solder balls 

10 13 may also be free of lead. The solder balls 13 may be made of an 
electrically conductive material having a low melting point, a high heat 
conductivity and a rapid solidity as well as a large surface tension so that 
the electrically conductive material becomes in the form of balls. Since the 
plural metal layers 1 1 of the buffer layer 4 are electrically conductive, the 

15 external electrode pads 17-1 and the solder balls 13 are eclectically 
connected through the plural metal layers 1 1 of the buffer layer 4. 

With reference to FIG. 14S, the semiconductor device 1 is then 
diced by use of a dicing blade to divide the semiconductor device 1 into 
plural unit semiconductor devices 32 or flip-chip semiconductor devices 32, 

20 each of which comprises the multilayer interconnection board 3 and the 
single semiconductor chip 2 mounted thereon. 

The flip-chip is usually applied to a high speed logic device 
having a large number of pins, for which reason the heat radiation from the 
semiconductor chip 2 is important. In this embodiment, the heat spreader 
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42 is provided to improve the heat radiation characteristic of the flip-chip 
semiconductor device 32. 

In accordant with the present invention, the base material of the 
multilayer interconnection board is not largely different in thermal 
5 expansion coefficient from the semiconductor chip to reduce a stress 
applied between the multilayer interconnection board and the 
semiconductor chip, thereby keeping a high reliability in connection 
between the multilayer interconnection board and the semiconductor chip. 
The reduction in stress applied between the multilayer interconnection 
10 board and the semiconductor chip makes it unnecessary to increase the 
thicknesses of the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 
for stress relaxation, but makes it possible that the thicknesses of the 
multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 are thin, for 
example, not more than 1 micrometer. A metallization technique for the 
1 5 semiconductor wafer and an apparatus therefor are utilized for allowing the 
resist films and the multilevel interconnections 17-1,2-1, 22-2, 22-3 and 24 
to be patterned finely, thereby permitting a further shrinkage of the 
interconnection patterns. 

Further, the multilayer interconnection board remains adhered or 
20 fixed to the high rigidity plate such as the metal plate during when the 
multilayer interconnection board is formed, so that the high rigidity plate 
provides or ensures a high planarity to the multilayer interconnection board. 
Even the high rigidity plate is different in linear expansion coefficient from 
the multilayer interconnection board, the high rigidity plate suppresses 
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generation of internal stress in the multilayer interconnection board and 
expansion of the multilayer interconnection board, so that the high rigidity 
plate suppresses the multilayer interconnection board from being bent, 
whereby the multilayer interconnection board is free from any 
5 misalignment in patterning the insulating layers and the interconnection 
layers, resulting in a high yield of the flip-chip semiconductor device. 

As described above, the high rigidity plate is necessary or 
important for keeping the multilayer interconnection board to have the high 
planarity until the multilayer interconnection board is completed. 
10 Notwithstanding, the high rigidity plate is not necessarily needed to the 
final product, for example, the flip-chip semiconductor device, for which 
reason as described above, after the multilayer interconnection board has 
been completed, then the high rigidity plate is removed. After the high 
rigidity plate is removed from the bottom surface of the multilayer 
15 interconnection board, then the bottom surface of the multilayer 
interconnection board is shown, for which reason the bottom or first 
insulating layer of the multilayer interconnection board may preferably be 
made of an insulating material such as an organic material which has a 
flexibility to an externally applied stress. 
20 Accordingly, the single multilayer interconnection board is 

adhered or fixed to the one side of the high rigidity plate to form an 
asymmetric structure. The high rigidity plate prevents the multilayer 
interconnection board from being bent during the fabrication of the 
multilayer interconnection board. If the multilayer interconnection boards 
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are adhered or fixed to both surfaces of the high rigidity plate, then it is 
necessary to form through holes in the high rigidity plate. In accordance 
with the present invention, however, it is unnecessary to form such the 
through holes in the high rigidity plate, whereby there are raised no 
5 problem with defect of the final product due to dusts generated in forming 
the through holes in the high rigidity plate nor problem with increase in the 
manufacturing cost due to additional process for forming the through holes 
in the high rigidity plate. 

In the above embodiment, the high rigidity plate is removed after 
10 the multilayer interconnection board is completed and before the 
semiconductor chips are mounted on the multilayer interconnection board. 

It is, however, possible to remove the high rigidity plate from the 
multilayer interconnection board after the semiconductor chips have been 
mounted on the multilayer interconnection board. When the semiconductor 
15 chips are mounted on the multilayer interconnection board, the multilayer 
interconnection board still remains adhered or fixed to the high rigidity 
plate, so that in order to ensure or keep the high planarity of the multilayer 
interconnection board, the high rigidity plate suppresses various strains of 
the entire or part of the multilayer interconnection board and the 
20 semiconductor chips due to mechanical and thermal stresses applied to the 
multilayer interconnection board and the semiconductor chips. 

It is, also, possible to remove the high rigidity plate from the 
multilayer interconnection board after the heat spreader has been adhered 
through the heat conductive adhesive layer to the semiconductor chips 
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mounted on the multilayer interconnection board and before the solder 
balls are formed. When the semiconductor chips are mounted on the 
multilayer interconnection board and then the heat spreader are then 
adhered through the heat conductive adhesive layer to the semiconductor 
chips mounted on the multilayer interconnection board, the multilayer 
interconnection board still remains adhered or fixed to the high rigidity 
plate, so that in order to ensure or keep the high planarity of the multilayer 
interconnection board, the high rigidity plate suppresses various strains of 
the entire or part of the multilayer interconnection board and the 
semiconductor chips due to mechanical and thermal stresses applied to the 
multilayer interconnection board and the semiconductor chips. 

Furthermore, in the end user's side, the above flip-chip 
semiconductor device 32 is mounted through the solder balls 13 to a circuit 
board which is not illustrated. The solder balls 13 have a small stand-off 
height which is insufficient for relaxation of the stress applied between the 
above flip-chip semiconductor device 32 and the circuit board. The buffer 
layer 4 is formed on the external electrode pads 17 of the multilayer 
interconnection board 3. Solder balls 13 are formed on the bottom surface 
of the buffer layer 4. The buffer layer 4 comprises plurality of metal buffer 
layers 11 which are in contact with the external electrode pads 17. The 
buffer layer 4 is thus provided between the external electrode pads 17 of 
the multilayer interconnection board 3 and the solder balls 13. The buffer 
layer 4 comprising plural metal buffer layers 11 has a sufficient stand-off 
height for relaxing the stress applied between the flip-chip semiconductor 
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device 32 and the circuit board not illustrated due to a difference in thermal 
expansion coefficient between the flip-chip semiconductor device 32 and 
the circuit board. The buffer layer 4 further contributes to suppress the 
multilayer interconnection board 3 from being bent. Further, the supporting 
5 frame 25 is provided which extends on a peripheral region of the bottom 
surface of the multilayer interconnection board 3. The supporting frame 25 
protects the multilayer interconnection board 3 and the buffer layer 4 
comprising plurality of metal buffer layers 1 1 from mechanical stresses 
when the product is handled. Since the buffer layer 4 comprises the plural 

10 metal buffer layers 11, the external electrode pads 17 of the multilayer 
interconnection board 3 are electrically connected through the plural metal 
buffer layers 1 1 to the solder balls 13. 

The stress is likely to be concentrated to joint parts between the 
plural metal buffer layers 1 1 of the buffer layer 4 and the external electrode 

15 pads 17 of the multilayer interconnection board 3. The buffer layer 4 
comprising the plural metal buffer layers 1 1 and the stress absorption layer 
12 has a higher rigidity than the multilayer interconnection board 3, 
provided that the buffer layer 4 buffers or relaxes the stress concentration 
between the multilayer interconnection board 3 and the circuit board not 

20 illustrated. The stress absorption layers 12 protects the plural metal layers 
11 and the multilayer interconnection board 3 from mechanical and 
chemical stresses. 



SIXTH EMBODIMENT : 
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A sixth embodiment according to the present invention will be 
described in detail with reference to the drawings. A difference of the sixth 
embodiment from the fifth embodiment is in that the heat conductive 
adhesive layer and the heat spreader are further provided. 
5 FIG. 15 is a cross sectional elevation view illustrative of a 

semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a sixth embodiment according to the 
present invention. A semiconductor device 32 has a multilayer 
interconnection board 3. A flip-chip semiconductor chip 2 is flip-mounted 
10 on the multilayer interconnection board 3, wherein a first surface of the 
flip-chip semiconductor chip 2 is electrically connected through bumps 14 
to a first surface of the multilayer interconnection board 3. A second 
surface of the multilayer interconnection board 3 has arrays of external 
electrode pads 17 on which a buffer layer 4 is formed. Solder balls 13 are 
15 formed on a bottom surface of the buffer layer 4. The buffer layer 4 
comprises plural metal buffer layers 11 which are in contact with the 
external electrode pads 17 and a stress absorption layer 12 in gaps between 
the plural metal buffer layers 11. The buffer layer 4 is thus provided 
between the external electrode pads 17 of the multilayer interconnection 
20 board 3 and the solder balls 13. The buffer layer 4 comprising plural metal 
buffer layers 11 and the stress absorption layer 12 has a sufficient stand-off 
height for relaxing the stress applied between the flip-chip semiconductor 
device 32 and the circuit board not illustrated. Further, a supporting frame 
25 is provided which extends on a peripheral region of the bottom surface 
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of the multilayer interconnection board 3. The stress absorption layer 12 is 
provided on the bottom surface of the multilayer interconnection board 3 
except under the external electrode pads 17 and the peripheral region of the 
multilayer interconnection board 3. The stress absorption layer 12 is also 
provided between the plural metal buffer layers 11 and the supporting 
frame 25. The stress absorption layer 12 has a multilayer structure which 
has physical properties absorbing stresses and strains. The stress absorption 
layer 12 may be made of a silicone resin material. Organic materials such 
as epoxy based resins, silicone based resins, polyolefin based resins, 
cyanate ester based resins, phenol based resins, naphthalene based resins 
are also available for the stress absorption layer 12. The supporting frame 
25 protects the multilayer interconnection board 3 and the buffer layer 4 
comprising plurality of metal buffer layers 1 1 from mechanical stresses 
when the product is handled. Since the buffer layer 4 comprises the plural 
metal buffer layers 11, the external electrode pads 17 of the multilayer 
interconnection board 3 are electrically connected through the plural metal 
buffer layers 11 to the solder balls 13. A sealing resin material 31 is 
provided over the first surface of the multilayer interconnection board 3 for 
sealing the semiconductor chip 2 and the bumps 14. The bumps 14 and the 
solder balls 13 are eclectically connected to each other through multilevel 
interconnections of the multilayer interconnection board 3. A heat 
conductive adhesive layer 41 is provided on a top surface of the 
semiconductor chip 2. A heat spreader 42 is provided on the heat 
conductive adhesive layer 41 so that the heat spreader 42 is adhered 
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through the heat conductive adhesive layer 41 to the top surface of the 
semiconductor chip 2. A heat generated in the semiconductor chip 2 is 
conducted through the heat conductive adhesive layer 41 to the heat 
spreader 42 for causing a heat radiation from the heat spreader 42. The heat 
5 spreader 42 may be made of a heat conductive material such as a metal 
base material, for example, Cu, Al, W, Mo, Fe, Ni, and Cr, or A1203, A1N, 
SiC, other ceramics such as mullite. The heat conductive adhesive layer 41 
may be made of a resin based material containing a heat conductive 
material, wherein the resin based material may be one of epoxy resin 

10 materials, silicone resin materials, polyimide resin materials, polyolefin 
resin materials, cyanate ester resin materials, phenol resin materials and 
naphthalene resin materials, whilst the heat conductive material may be one 
of Ag, Pd, Cu, Al, Au, Mo, W, diamond, A1203, A1N, and ceramic 
materials such as mullite, BN and SiC. 

15 The buffer layer 4 comprising the plural metal buffer layers 11 

and the stress absorption layer 12 has a higher rigidity than the multilayer 
interconnection board 3, provided that the buffer layer 4 buffers or relaxes 
the stress applied between the multilayer interconnection board 3 and the 
circuit board not illustrated. 

20 As a modification, it is possible for increasing the buffering 

ability of the stress absorption layer 12 to eliminate the supporting frame 
25. 

The structure of the multilayer interconnection board 3 is the 
same as in the fourth embodiment and as shown in FIG. 6. 
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The flip-chip is usually applied to a high speed logic device 
having a large number of pins, for which reason the heat radiation from the 
semiconductor chip 2 is important. In this embodiment, the heat spreader 
42 is provided to improve the heat radiation characteristic of the flip-chip 
5 semiconductor device 32. 

In accordant with the present invention, the base material of the 
multilayer interconnection board is not largely different in thermal 
expansion coefficient from the semiconductor chip to reduce a stress 
applied between the multilayer interconnection board and the 

10 semiconductor chip, thereby keeping a high reliability in connection 
between the multilayer interconnection board and the semiconductor chip. 
The reduction in stress applied between the multilayer interconnection 
board and the semiconductor chip makes it unnecessary to increase the 
thicknesses of the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 

15 for stress relaxation, but makes it possible that the thicknesses of the 
multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 are thin, for 
example, not more than 1 micrometer. A metallization technique for the 
semiconductor wafer and an apparatus therefor are utilized for allowing the 
resist films and the multilevel interconnections 17-1,2-1, 22-2, 22-3 and 24 

20 to be patterned finely, thereby permitting a further shrinkage of the 
interconnection patterns. 

Further, the multilayer interconnection board remains adhered or 
fixed to the high rigidity plate such as the metal plate during when the 
multilayer interconnection board is formed, so that the high rigidity plate 
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provides or ensures a high planarity to the multilayer interconnection board. 
Even the high rigidity plate is different in linear expansion coefficient from 
the multilayer interconnection board, the high rigidity plate suppresses 
generation of internal stress in the multilayer interconnection board and 
expansion of the multilayer interconnection board, so that the high rigidity 
plate suppresses the multilayer interconnection board from being bent, 
whereby the multilayer interconnection board is free from any 
misalignment in patterning the insulating layers and the interconnection 
layers, resulting in a high yield of the flip-chip semiconductor device. 

As described above, the high rigidity plate is necessary or 
important for keeping the multilayer interconnection board to have the high 
planarity until the multilayer interconnection board is completed. 
Notwithstanding, the high rigidity plate is not necessarily needed to the 
final product, for example, the flip-chip semiconductor device, for which 
reason as described above, after the multilayer interconnection board has 
been completed, then the high rigidity plate is removed. After the high 
rigidity plate is removed from the bottom surface of the multilayer 
interconnection board, then the bottom surface of the multilayer 
interconnection board is shown, for which reason the bottom or first 
insulating layer of the multilayer interconnection board may preferably be 
made of an insulating material such as an organic material which has a 
flexibility to an externally applied stress. 

Accordingly, the single multilayer interconnection board is 
adhered or fixed to the one side of the high rigidity plate to form an 
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asymmetric structure. The high rigidity plate prevents the multilayer 
interconnection board from being bent during the fabrication of the 
multilayer interconnection board. If the multilayer interconnection boards 
are adhered or fixed to both surfaces of the high rigidity plate, then it is 
5 necessary to form through holes in the high rigidity plate. In accordance 
with the present invention, however, it is unnecessary to form such the 
through holes in the high rigidity plate, whereby there are raised no 
problem with defect of the final product due to dusts generated in forming 
the through holes in the high rigidity plate nor problem with increase in the 
10 manufacturing cost due to additional process for forming the through holes 
in the high rigidity plate. 

In the above embodiment, the high rigidity plate is removed after 
the multilayer interconnection board is completed and before the 
semiconductor chips are mounted on the multilayer interconnection board. 
15 It is, however, possible to remove the high rigidity plate from the 

multilayer interconnection board after the semiconductor chips have been 
mounted on the multilayer interconnection board. When the semiconductor 
chips are mounted on the multilayer interconnection board, the multilayer 
interconnection board still remains adhered or fixed to the high rigidity 
20 plate, so that in order to ensure or keep the high planarity of the multilayer 
interconnection board, the high rigidity plate suppresses various strains of 
the entire or part of the multilayer interconnection board and the 
semiconductor chips due to mechanical and thermal stresses applied to the 
multilayer interconnection board and the semiconductor chips. 
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It is, also, possible to remove the high rigidity plate from the 
multilayer interconnection board after the heat spreader has been adhered 
through the heat conductive adhesive layer to the semiconductor chips 
mounted on the multilayer interconnection board and before the solder 
5 balls are formed. When the semiconductor chips are mounted on the 
multilayer interconnection board and then the heat spreader are then 
adhered through the heat conductive adhesive layer to the semiconductor 
chips mounted on the multilayer interconnection board, the multilayer 
interconnection board still remains adhered or fixed to the high rigidity 

10 plate, so that in order to ensure or keep the high planarity of the multilayer 
interconnection board, the high rigidity plate suppresses various strains of 
the entire or part of the multilayer interconnection board and the 
semiconductor chips due to mechanical and thermal stresses applied to the 
multilayer interconnection board and the semiconductor chips. 

15 Furthermore, in the end user's side, the above flip-chip 

semiconductor device 32 is mounted through the solder balls 13 to a circuit 
board which is not illustrated. The solder balls 13 have a small stand-off 
height which is insufficient for relaxation of the stress applied between the 
above flip-chip semiconductor device 32 and the circuit board. The buffer 

20 layer 4 is formed on the external electrode pads 17 of the multilayer 
interconnection board 3. Solder balls 13 are formed on the bottom surface 
of the buffer layer 4. The buffer layer 4 comprises plurality of metal buffer 
layers 11 which are in contact with the external electrode pads 17. The 
buffer layer 4 is thus provided between the external electrode pads 17 of 
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the multilayer interconnection board 3 and the solder balls 13. The buffer 
layer 4 comprising plural metal buffer layers 1 1 has a sufficient stand-off 
height for relaxing the stress applied between the flip-chip semiconductor 
device 32 and the circuit board not illustrated due to a difference in thermal 
5 expansion coefficient between the flip-chip semiconductor device 32 and 
the circuit board. The buffer layer 4 further contributes to suppress the 
multilayer interconnection board 3 from being bent. Further, the supporting 
frame 25 is provided which extends on a peripheral region of the bottom 
surface of the multilayer interconnection board 3. The supporting frame 25 

10 protects the multilayer interconnection board 3 and the buffer layer 4 
comprising plurality of metal buffer layers 11 from mechanical stresses 
when the product is handled. Since the buffer layer 4 comprises the plural 
metal buffer layers 11, the external electrode pads 17 of the multilayer 
interconnection board 3 are electrically connected through the plural metal 

15 buffer layers 1 1 to the solder balls 13. 

The stress is likely to be concentrated to joint parts between the 
plural metal buffer layers 1 1 of the buffer layer 4 and the external electrode 
pads 17 of the multilayer interconnection board 3. The buffer layer 4 
comprising the plural metal buffer layers 1 1 and the stress absorption layer 

20 12 has a higher rigidity than the multilayer interconnection board 3, 
provided that the buffer layer 4 buffers or relaxes the stress concentration 
between the multilayer interconnection board 3 and the circuit board not 
illustrated. The stress absorption layers 12 protects the plural metal layers 
11 and the multilayer interconnection board 3 from mechanical and 
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chemical stresses. 

SEVENTH EMBODIMENT : 

A seventh embodiment according to the present invention will be 
5 described in detail with reference to the drawings. A difference of the 
seventh embodiment from the sixth embodiment is in that, in place of the 
sealing resin material 31, an under- fill resin layer and a stiffener are further 
provided. 

FIG. 16 is a cross sectional elevation view illustrative of a 
10 semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a seventh embodiment according to the 
present invention. A semiconductor device 32 has a multilayer 
interconnection board 3. A flip-chip semiconductor chip 2 is flip-mounted 
on the multilayer interconnection board 3, wherein a first surface of the 
15 flip-chip semiconductor chip 2 is electrically connected through bumps 14 
to a first surface of the multilayer interconnection board 3. A second 
surface of the multilayer interconnection board 3 has arrays of external 
electrode pads 17 on which a buffer layer 4 is formed. Solder balls 13 are 
formed on a bottom surface of the buffer layer 4. The buffer layer 4 
20 comprises plural metal buffer layers 11 which are in contact with the 
external electrode pads 17 and a stress absorption layer 12 in gaps between 
the plural metal buffer layers 11. The buffer layer 4 is thus provided 
between the external electrode pads 17 of the multilayer interconnection 
board 3 and the solder balls 13. The buffer layer 4 comprising plural metal 
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buffer layers 11 and the stress absorption layer 12 has a sufficient stand-off 
height for relaxing the stress applied between the flip-chip semiconductor 
device 32 and the circuit board not illustrated. Further, a supporting frame 
25 is provided which extends on a peripheral region of the bottom surface 
5 of the multilayer interconnection board 3. The stress absorption layer 12 is 
provided on the bottom surface of the multilayer interconnection board 3 
except under the external electrode pads 17 and the peripheral region of the 
multilayer interconnection board 3. The stress absorption layer 12 is also 
provided between the plural metal buffer layers 11 and the supporting 

10 frame 25. The stress absorption layer 12 has a multilayer structure which 
has physical properties absorbing stresses and strains. The stress absorption 
layer 12 may be made of a silicone resin material. Organic materials such 
as epoxy based resins, silicone based resins, polyolefin based resins, 
cyanate ester based resins, phenol based resins, naphthalene based resins 

15 are also available for the stress absorption layer 12. The supporting frame 
25 protects the multilayer interconnection board 3 and the buffer layer 4 
comprising plurality of metal buffer layers 11 from mechanical stresses 
when the product is handled. Since the buffer layer 4 comprises the plural 
metal buffer layers 11, the external electrode pads 17 of the multilayer 

20 interconnection board 3 are electrically connected through the plural metal 
buffer layers 1 1 to the solder balls 13. In place of the sealing resin material, 
an under-fill resin layer 43 is provided over the first surface of the 
multilayer interconnection board 3 for sealing the semiconductor chip 2 
and the bumps 14. The bumps 14 and the solder balls 13 are eclectically 
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connected to each other through multilevel interconnections of the 
multilayer interconnection board 3. The under-fill resin layer 43 may be 
made of one of epoxy resin materials, silicone resin materials, polyimide 
resin materials, polyolefin resin materials, cyanate ester resin materials, 
5 phenol resin materials and naphthalene resin materials. A heat conductive 
adhesive layer 41 is provided on a top surface of the semiconductor chip 2. 
Further, a stiffener 44 is adhered through an adhesive 45 on a peripheral 
region of the first surface or the upper surface of the multiyear 
interconnection board. A heat spreader 42 is provided on the heat 
10 conductive adhesive layer 41 and on an adhesive applied on the top of the 
stiffener 44 so that the heat spreader 42 is adhered through the heat 
conductive adhesive layer 41 to the top surface of the semiconductor chip 2 
and also adhered through the adhesive 45 to the stiffener 44. A heat 
generated in the semiconductor chip 2 is conducted through the heat 
15 conductive adhesive layer 41 to the heat spreader 42 for causing a heat 
radiation from the heat spreader 42. The heat spreader 42 may be made of a 
heat conductive material such as a metal base material, for example, Cu, Al, 
W, Mo, Fe, Ni, and Cr, or A1203, A1N, SiC, other ceramics such as mullite. 
The heat conductive adhesive layer 41 may be made of a resin based 
20 material containing a heat conductive material, wherein the resin based 
material may be one of epoxy resin materials, silicone resin materials, 
polyimide resin materials, polyolefin resin materials, cyanate ester resin 
materials, phenol resin materials and naphthalene resin materials, whilst the 
heat conductive material may be one of Ag, Pd, Cu, Al, Au, Mo, W, 



Page 164 



Pf-2683/nec/us/i 



diamond, A1203, A1N, and ceramic materials such as mullite, BN and SiC. 

In this embodiment, no injection method nor transfer sealing 
method is used for forming the insulative sealing resin and in place the 
under- fill resin 43 is used which is the majority technique of the flip- chip 
semiconductor device. No further specific equipment is needed. 

The under-fill resin 43 partially coats the top surface or the first 
surface of the multilayer interconnection board 3. In order to ensure a 
sufficiently high planarity of the multilayer interconnection board 3, the 
stiffener 44 is provided which extends on the peripheral region of the top 
surface or the first surface of the multilayer interconnection board 3. The 
stiffener 44 may be made of any metal or any ceramic. 

The buffer layer 4 comprising the plural metal buffer layers 1 1 
and the stress absorption layer 12 has a higher rigidity than the multilayer 
interconnection board 3, provided that the buffer layer 4 buffers or relaxes 
the stress applied between the multilayer interconnection board 3 and the 
circuit board not illustrated. 

As a modification, it is possible for increasing the buffering 
ability of the stress absorption layer 12 to eliminate the supporting frame 
25. 

The structure of the multilayer interconnection board 3 is the 
same as in the fourth embodiment and as shown in FIG. 6. 

The flip-chip is usually applied to a high speed logic device 
having a large number of pins, for which reason the heat radiation from the 
semiconductor chip 2 is important. In this embodiment, the heat spreader 
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42 is provided to improve the heat radiation characteristic of the flip-chip 
semiconductor device 32. 

In accordant with the present invention, the base material of the 
multilayer interconnection board is not largely different in thermal 
5 expansion coefficient from the semiconductor chip to reduce a stress 
applied between the multilayer interconnection board and the 
semiconductor chip, thereby keeping a high reliability in connection 
between the multilayer interconnection board and the semiconductor chip. 
The reduction in stress applied between the multilayer interconnection 

10 board and the semiconductor chip makes it unnecessary to increase the 
thicknesses of the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 
for stress relaxation, but makes it possible that the thicknesses of the 
multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 are thin, for 
example, not more than 1 micrometer. A metallization technique for the 

15 semiconductor wafer and an apparatus therefor are utilized for allowing the 
resist films and the multilevel interconnections 17-1,2-1, 22-2, 22-3 and 24 
to be patterned finely, thereby permitting a further shrinkage of the 
interconnection patterns. 

Further, the multilayer interconnection board remains adhered or 

20 fixed to the high rigidity plate such as the metal plate during when the 
multilayer interconnection board is formed, so that the high rigidity plate 
provides or ensures a high planarity to the multilayer interconnection board. 
Even the high rigidity plate is different in linear expansion coefficient from 
the multilayer interconnection board, the high rigidity plate suppresses 
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generation of internal stress in the multilayer interconnection board and 
expansion of the multilayer interconnection board, so that the high rigidity 
plate suppresses the multilayer interconnection board from being bent, 
whereby the multilayer interconnection board is free from any 
misalignment in patterning the insulating layers and the interconnection 
layers, resulting in a high yield of the flip-chip semiconductor device. 

As described above, the high rigidity plate is necessary or 
important for keeping the multilayer interconnection board to have the high 
planarity until the multilayer interconnection board is completed. 
Notwithstanding, the high rigidity plate is not necessarily needed to the 
final product, for example, the flip-chip semiconductor device, for which 
reason as described above, after the multilayer interconnection board has 
been completed, then the high rigidity plate is removed. After the high 
rigidity plate is removed from the bottom surface of the multilayer 
interconnection board, then the bottom surface of the multilayer 
interconnection board is shown, for which reason the bottom or first 
insulating layer of the multilayer interconnection board may preferably be 
made of an insulating material such as an organic material which has a 
flexibility to an externally applied stress. 

Accordingly, the single multilayer interconnection board is 
adhered or fixed to the one side of the high rigidity plate to form an 
asymmetric structure. The high rigidity plate prevents the multilayer 
interconnection board from being bent during the fabrication of the 
multilayer interconnection board. If the multilayer interconnection boards 
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are adhered or fixed to both surfaces of the high rigidity plate, then it is 
necessary to form through holes in the high rigidity plate. In accordance 
with the present invention, however, it is unnecessary to form such the 
through holes in the high rigidity plate, whereby there are raised no 
5 problem with defect of the final product due to dusts generated in forming 
the through holes in the high rigidity plate nor problem with increase in the 
manufacturing cost due to additional process for forming the through holes 
in the high rigidity plate. 

In the above embodiment, the high rigidity plate is removed after 

10 the multilayer interconnection board is completed and before the 
semiconductor chips are mounted on the multilayer interconnection board. 

It is, however, possible to remove the high rigidity plate from the 
multilayer interconnection board after the semiconductor chips have been 
mounted on the multilayer interconnection board. When the semiconductor 

15 chips are mounted on the multilayer interconnection board, the multilayer 
interconnection board still remains adhered or fixed to the high rigidity 
plate, so that in order to ensure or keep the high planarity of the multilayer 
interconnection board, the high rigidity plate suppresses various strains of 
the entire or part of the multilayer interconnection board and the 

20 semiconductor chips due to mechanical and thermal stresses applied to the 
multilayer interconnection board and the semiconductor chips. 

It is, also, possible to remove the high rigidity plate from the 
multilayer interconnection board after the heat spreader has been adhered 
through the heat conductive adhesive layer to the semiconductor chips 
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mounted on the multilayer interconnection board and before the solder 
balls are formed. When the semiconductor chips are mounted on the 
multilayer interconnection board and then the heat spreader are then 
adhered through the heat conductive adhesive layer to the semiconductor 
5 chips mounted on the multilayer interconnection board, the multilayer 
interconnection board still remains adhered or fixed to the high rigidity 
plate, so that in order to ensure or keep the high planarity of the multilayer 
interconnection board, the high rigidity plate suppresses various strains of 
the entire or part of the multilayer interconnection board and the 

10 semiconductor chips due to mechanical and thermal stresses applied to the 
multilayer interconnection board and the semiconductor chips. 

Furthermore, in the end user's side, the above flip-chip 
semiconductor device 32 is mounted through the solder balls 13 to a circuit 
board which is not illustrated. The solder balls 13 have a small stand-off 

1 5 height which is insufficient for relaxation of the stress applied between the 
above flip-chip semiconductor device 32 and the circuit board. The buffer 
layer 4 is formed on the external electrode pads 17 of the multilayer 
interconnection board 3. Solder balls 13 are formed on the bottom surface 
of the buffer layer 4. The buffer layer 4 comprises plurality of metal buffer 

20 layers 11 which are in contact with the external electrode pads 17. The 
buffer layer 4 is thus provided between the external electrode pads 17 of 
the multilayer interconnection board 3 and the solder balls 13. The buffer 
layer 4 comprising plural metal buffer layers 1 1 has a sufficient stand-off 
height for relaxing the stress applied between the flip-chip semiconductor 
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device 32 and the circuit board not illustrated due to a difference in thermal 
expansion coefficient between the flip-chip semiconductor device 32 and 
the circuit board. The buffer layer 4 further contributes to suppress the 
multilayer interconnection board 3 from being bent. Further, the supporting 
5 frame 25 is provided which extends on a peripheral region of the bottom 
surface of the multilayer interconnection board 3. The supporting frame 25 
protects the multilayer interconnection board 3 and the buffer layer 4 
comprising plurality of metal buffer layers 11 from mechanical stresses 
when the product is handled. Since the buffer layer 4 comprises the plural 

10 metal buffer layers 11, the external electrode pads 17 of the multilayer 
interconnection board 3 are electrically connected through the plural metal 
buffer layers 1 1 to the solder balls 13. 

The stress is likely to be concentrated to joint parts between the 
plural metal buffer layers 1 1 of the buffer layer 4 and the external electrode 

15 pads 17 of the multilayer interconnection board 3. The buffer layer 4 
comprising the plural metal buffer layers 1 1 and the stress absorption layer 
12 has a higher rigidity than the multilayer interconnection board 3, 
provided that the buffer layer 4 buffers or relaxes the stress concentration 
between the multilayer interconnection board 3 and the circuit board not 

20 illustrated. The stress absorption layers 12 protects the plural metal layers 
11 and the multilayer interconnection board 3 from mechanical and 
chemical stresses. 

EIGHTH EMBODIMENT : 
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An eighth embodiment according to the present invention will be 
described in detail with reference to the drawings. A difference in the 
eighth embodiment from the first embodiment is in that a supporting layer 
is provided, surrounding each of the solder balls for supporting the solder 
5 balls to increase a bonding strength between the solder balls and external 
electrode pads of the multilayer interconnection board. FIG. 17 is a cross 
sectional elevation view illustrative of a semiconductor device having a 
multilayer interconnection board, on which a semiconductor chip is 
mounted in an eighth embodiment according to the present invention. A 

10 semiconductor device 32 has a multilayer interconnection board 3. A 
flip-chip semiconductor chip 2 is flip-mounted on the multilayer 
interconnection board 3, wherein a first surface of the flip-chip 
semiconductor chip 2 is electrically connected through bumps 14 to a first 
surface of the multilayer interconnection board 3. A second surface of the 

1 5 multilayer interconnection board 3 has arrays of external electrode pads 1 7 
on which solder balls 13 are formed. A sealing resin material 15 is 
provided over the first surface of the multilayer interconnection board 3 for 
sealing the semiconductor chip 2 and the bumps 14. The bumps 14 and the 
solder balls 13 are eclectically connected to each other through multilevel 

20 interconnections of the multilayer interconnection board 3. In this 
embodiment, in order to increase a bonding strength between the solder 
balls 13 and the external electrode pads 17 of the multilayer 
interconnection board 3, a supporting layer 59 is provided on the second 
surface or the bottom surface of the multilayer interconnection board 3 so 
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that the supporting layer 59 surrounds the solder balls 13 for supporting the 
solder balls 13 to increase the bonding stability between the solder balls 13 
and the external electrode pads 17 of the multilayer interconnection board 3. 
The supporting layer 59 comprises a supporting plate 51 and a supporting 
5 sealing resin material 54. The supporting plate 51 extends in parallel to the 
second surface or the bottom surface of the multilayer interconnection 
board 3, wherein the supporting plate 51 has an array of solder ball 
insertion holes 52 having a diameter which is slightly larger than a diameter 
of the solder balls 13, so that the solder balls 13 are inserted in the solder 

10 ball insertion holes 52 and surrounded by the supporting plate 51. The 
supporting plate 51 is so provided as to form an inter-space between the 
supporting plate 5 1 and the bottom surface or the second surface of the 
multilayer interconnection board 3. The supporting plate 51 further has a 
resin injection hole 53 for allowing a resin material into the inter-space 

15 between the supporting plate 51 and the bottom surface or the second 
surface of the multilayer interconnection board 3. The supporting plate 51 
may be made of a high rigidity material. Insulating materials and 
conductive materials are also available for the supporting plate 51, 
provided that the material has the high rigidity. The resin material is 

20 injected through the resin injection hole 53 of the supporting plate 51 into 
the inter-space between the supporting plate 5 1 and the bottom surface or 
the second surface of the multilayer interconnection board 3, thereby to 
form the supporting sealing resin material 54 in the inter-space between the 
supporting plate 51 and the bottom surface or the second surface of the 
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multilayer interconnection board 3. The supporting sealing resin material 
54 is tightly contact with upper portions of the solder balls 13 for 
supporting the solder balls 13 to increase the bonding stability between the 
solder balls 13 and the external electrode pads 17 of the multilayer 
5 interconnection board 3. The supporting plate 51 defines a height or a 
thickness of the supporting sealing resin material 54, wherein the thickness 
of the supporting sealing resin material 54 is defined to be smaller than the 
height of the solder balls 13 so that the tops of the solder balls 13 project 
from the solder ball insertion holes 52 of the supporting plate 51 and from 

10 the bottom surface of the supporting sealing resin material 54. 

FIG. 18 is a fragmentary enlarged cross sectional elevation view 
illustrative of a solder ball bonded on an external electrode pad of a 
multilayer interconnection board and a partial supporting layer around the 
solder ball as encompassed by a circle line marked with "A" in FIG. 17. 

15 The solder ball 13 is bonded on the external electrode pad 17 of the 
multilayer interconnection board 3. The supporting plate 51 is so provided 
as to form the inter-space between the supporting plate 5 1 and the bottom 
surface or the second surface of the multilayer interconnection board 3. The 
resin material is injected through the resin injection hole 53 of the 

20 supporting plate 51 into the inter-space between the supporting plate 51 and 
the bottom surface or the second surface of the multilayer interconnection 
board 3, thereby to form the supporting sealing resin material 54 in the 
inter-space between the supporting plate 5 1 and the bottom surface or the 
second surface of the multilayer interconnection board 3. The supporting 
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sealing resin material 54 is tightly contact with upper portions of the solder 
balls 13 for supporting the solder balls 13 to increase the bonding stability 
between the solder balls 13 and the external electrode pads 17 of the 
multilayer interconnection board 3. The supporting plate 51 defines a 
5 height or a thickness of the supporting sealing resin material 54, wherein 
the thickness of the supporting sealing resin material 54 is defined to be 
smaller than the height of the solder balls 13 so that the tops of the solder 
balls 13 project from the solder ball insertion holes 52 of the supporting 
plate 51 and from the bottom surface of the supporting sealing resin 

10 material 54. 

As described above, the eighth embodiment is different from the 
first embodiment only in further providing the supporting layer 59 for 
supporting the solder balls 13 to increase the bonding stability between the 
solder balls 13 and the external electrode pads 17 of the multilayer 

15 interconnection board 3. The above semiconductor device may be 
fabricated by further providing the supporting layer 59 to the sequential 
fabrication processes described with reference to FIGS. 7 A through 7Q in 
the first embodiment, for which reason the following descriptions will 
focus on the further fabrication processes for forming the supporting layer 

20 59 on the flip-chip semiconductor device 32 fabricated in the sequential 
fabrication processes described with reference to FIGS. 7 A through 7Q in 
the first embodiment. 

FIGS. 19A through 19B are fragmentary cross sectional elevation 
views illustrative of sequential steps involved in a method of forming a 
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supporting layer on a flip-chip semiconductor device in an eighth 
embodiment in accordance with the present invention, wherein the flip-chip 
semiconductor device has already been fabricated in the sequential 
fabrication processes described with reference to FIGS. 7 A through 7Q 
5 described in the first embodiment of the present invention. 

With reference to FIG. 19A, the supporting plate 51 is provided 
which extends in parallel to the second surface or the bottom surface of the 
multilayer interconnection board 3, wherein the supporting plate 51 has the 
array of solder ball insertion holes 52 having a diameter which is slightly 

10 larger than a diameter of the solder balls 13, so that the solder balls 13 are 
inserted in the solder ball insertion holes 52 and surrounded by the 
supporting plate 51, thereby to form an inter-space between the supporting 
plate 51 and the bottom surface or the second surface of the multilayer 
interconnection board 3. The supporting plate 51 further has a resin 

15 injection hole 53 for allowing a resin material into the inter- space between 
the supporting plate 5 1 and the bottom surface or the second surface of the 
multilayer interconnection board 3. 

With reference to FIG. 19B, a resin material is injected through 
the resin injection hole 53 of the supporting plate 51 into the inter-space 

20 between the supporting plate 51 and the bottom surface or the second 
surface of the multilayer interconnection board 3, thereby to form the 
supporting sealing resin material 54 in the inter-space between the 
supporting plate 51 and the bottom surface or the second surface of the 
multilayer interconnection board 3. The supporting sealing resin material 
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54 is tightly contact with upper portions of the solder balls 13 for 
supporting the solder balls 13 to increase the bonding stability between the 
solder balls 13 and the external electrode pads 17 of the multilayer 
interconnection board 3. 

In accordance with this embodiment, the supporting layer 59, 
which comprises the supporting plate 51 and the supporting sealing resin 
material 54, is provided on the second surface or the bottom surface of the 
multilayer interconnection board 3 so that the supporting layer 59 
surrounds the solder balls 13 for supporting the solder balls 13 to increase 
the bonding stability between the solder balls 13 and the external electrode 
pads 17 of the multilayer interconnection board 3. 

NINTH EMBODIMENT : 

A ninth embodiment according to the present invention will be 
described in detail with reference to the drawings. A difference in the ninth 
embodiment from the fifth embodiment is in that a supporting layer is 
provided, surrounding each of the solder balls for supporting the solder 
balls to increase a bonding strength between the solder balls and external 
electrode pads of the multilayer interconnection board. FIG. 20 is a cross 
sectional elevation view illustrative of a semiconductor device having a 
multilayer interconnection board, on which a semiconductor chip is 
mounted in a ninth embodiment according to the present invention. A 
semiconductor device 32 has a multilayer interconnection board 3. A 
flip-chip semiconductor chip 2 is flip-mounted on the multilayer 
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interconnection board 3, wherein a first surface of the flip-chip 
semiconductor chip 2 is electrically connected through bumps 14 to a first 
surface of the multilayer interconnection board 3. A second surface of the 
multilayer interconnection board 3 has arrays of external electrode pads 17. 
5 A sealing resin material 31 is provided over the first surface of the 
multilayer interconnection board 3 for sealing the semiconductor chip 2 
and the bumps 14. The bumps 14 and the solder balls 13 are eclectically 
connected to each other through multilevel interconnections of the 
multilayer interconnection board 3. A second surface of the multilayer 

10 interconnection board 3 has arrays of external electrode pads 17 on which a 
buffer layer 4 is formed. Solder balls 13 are formed on a bottom surface of 
the buffer layer 4. The buffer layer 4 comprises plural metal buffer layers 
11 which are in contact with the external electrode pads 17 and a stress 
absorption layer 12 in gaps between the plural metal buffer layers 11. The 

15 buffer layer 4 is thus provided between the external electrode pads 17 of 
the multilayer interconnection board 3 and the solder balls 13. The buffer 
layer 4 comprising plural metal buffer layers 1 1 and the stress absorption 
layer 12 has a sufficient stand-off height for relaxing the stress applied 
between the flip-chip semiconductor device 32 and the circuit board not 

20 illustrated. Further, a supporting frame 25 is provided which extends on a 
peripheral region of the bottom surface of the multilayer interconnection 
board 3. The stress absorption layer 12 is provided on the bottom surface of 
the multilayer interconnection board 3 except under the external electrode 
pads 17 and the peripheral region of the multilayer interconnection board 3. 
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The stress absorption layer 12 is also provided between the plural metal 
buffer layers 1 1 and the supporting frame 25. The stress absorption layer 12 
has a multilayer structure which has physical properties absorbing stresses 
and strains. The stress absorption layer 12 may be made of a silicone resin 
5 material. Organic materials such as epoxy based resins, silicone based 
resins, polyolefin based resins, cyanate ester based resins, phenol based 
resins, naphthalene based resins are also available for the stress absorption 
layer 12. The supporting frame 25 protects the multilayer interconnection 
board 3 and the buffer layer 4 comprising plurality of metal buffer layers 1 1 

10 from mechanical stresses when the product is handled. Since the buffer 
layer 4 comprises the plural metal buffer layers 11, the external electrode 
pads 17 of the multilayer interconnection board 3 are electrically connected 
through the plural metal buffer layers 11 to the solder balls 13. A sealing 
resin material 31 is provided over the first surface of the multilayer 

15 interconnection board 3 for sealing the semiconductor chip 2 and the 
bumps 14. The bumps 14 and the solder balls 13 are eclectically connected 
to each other through multilevel interconnections of the multilayer 
interconnection board 3. 

In this embodiment, in order to increase a bonding strength 

20 between the solder balls 13 and the plural metal buffer layers 11 of the 
buffer layer 4, a supporting layer 59 is provided on the bottom surface of 
the buffer layer 4 so that the supporting layer 59 surrounds the solder balls 
13 for supporting the solder balls 13 to increase the bonding stability 
between the solder balls 13 and the plural metal buffer layers 11 of the 
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buffer layer 4. The supporting layer 59 comprises a supporting plate 51 and 
a supporting sealing resin material 54. The supporting plate 51 extends in 
parallel to the bottom surface of the buffer layer 4, wherein the supporting 
plate 51 has an array of solder ball insertion holes 52 having a diameter 
5 which is slightly larger than a diameter of the solder balls 13, so that the 
solder balls 13 are inserted in the solder ball insertion holes 52 and 
surrounded by the supporting plate 51. The supporting plate 51 is so 
provided as to form an inter-space between the supporting plate 51 and the 
bottom surface or the buffer layer 4. The supporting plate 5 1 further has a 

10 resin injection hole 53 for allowing a resin material into the inter-space 
between the supporting plate 5 1 and the bottom surface of the buffer layer 
4. The supporting plate 51 may be made of a high rigidity material. 
Insulating materials and conductive materials are also available for the 
supporting plate 51, provided that the material has the high rigidity. The 

15 resin material is injected through the resin injection hole 53 of the 
supporting plate 51 into the inter-space between the supporting plate 51 and 
the bottom surface or the second surface of the multilayer interconnection 
board 3, thereby to form the supporting sealing resin material 54 in the 
inter-space between the supporting plate 51 and the bottom surface or the 

20 second surface of the multilayer interconnection board 3. The supporting 
sealing resin material 54 is tightly contact with upper portions of the solder 
balls 13 for supporting the solder balls 13 to increase the bonding stability 
between the solder balls 13 and the plural metal buffer layers 11 of the 
buffer layer 4. The supporting plate 51 defines a height or a thickness of the 
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supporting sealing resin material 54, wherein the thickness of the 
supporting sealing resin material 54 is defined to be smaller than the height 
of the solder balls 13 so that the tops of the solder balls 13 project from the 
solder ball insertion holes 52 of the supporting plate 51 and from the 

5 bottom surface of the supporting sealing resin material 54. 

As described above, the ninth embodiment is different from the 
fifth embodiment only in further providing the supporting layer 59 for 
supporting the solder balls 13 to increase the bonding stability between the 
solder balls 13 and the plural metal buffer layers 11 of the buffer layer 4. 
10 The above semiconductor device may be fabricated by further providing 
the supporting layer 59 to the sequential fabrication processes described 
with reference to FIGS. 14A through 14S in the fifth embodiment, for 
which reason the following descriptions will focus on the further 
fabrication processes for forming the supporting layer 59 on the flip-chip 

15 semiconductor device 32 fabricated in the sequential fabrication processes 
described with reference to FIGS. 14A through 14S in the fifth 
embodiment. 

FIGS. 21 A through 21B are fragmentary cross sectional elevation 
views illustrative of sequential steps involved in a method of forming a 
20 supporting layer on a flip-chip semiconductor device in an ninth 
embodiment in accordance with the present invention, wherein the flip-chip 
semiconductor device has already been fabricated in the sequential 
fabrication processes described with reference to FIGS. 14A through 14S 
described in the fifth embodiment of the present invention. 
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With reference to FIG. 21 A, the supporting plate 51 is provided 
which extends in parallel to the bottom surface of the buffer layer 4, 
wherein the supporting plate 5 1 has the array of solder ball insertion holes 
52 having a diameter which is slightly larger than a diameter of the solder 
5 balls 13, so that the solder balls 13 are inserted in the solder ball insertion 
holes 52 and surrounded by the supporting plate 51, thereby to form an 
inter-space between the supporting plate 5 1 and the bottom surface or the 
second surface of the buffer layer 4. The supporting plate 51 further has a 
resin injection hole 53 for allowing a resin material into the inter-space 

10 between the supporting plate 51 and the bottom surface or the second 
surface of the multilayer interconnection board 3. 

With reference to FIG. 2 IB, a resin material is injected through 
the resin injection hole 53 of the supporting plate 51 into the inter-space 
between the supporting plate 51 and the bottom surface or the second 

15 surface of the multilayer interconnection board 3, thereby to form the 
supporting sealing resin material 54 in the inter-space between the 
supporting plate 51 and the bottom surface of the buffer layer 4. The 
supporting sealing resin material 54 is tightly contact with upper portions 
of the solder balls 13 for supporting the solder balls 13 to increase the 

20 bonding stability between the solder balls 13 and the plural metal buffer 
layers 1 1 of the buffer layer 4. 

In accordance with this embodiment, the supporting layer 59, 
which comprises the supporting plate 51 and the supporting sealing resin 
material 54, is provided on the second surface or the bottom surface of the 
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multilayer interconnection board 3 so that the supporting layer 59 
surrounds the solder balls 13 for supporting the solder balls 13 to increase 
the bonding stability between the solder balls 13 and the plural metal buffer 
layers 1 1 of the buffer layer 4. 

5 

TENTH EMBODIMENT : 

A tenth embodiment according to the present invention will be 
described in detail with reference to the drawings. A difference in the tenth 
embodiment from the ninth embodiment is in that a heat spreader is further 

10 provided for promoting a heat radiation from the semiconductor chip. FIG. 
22 is a cross sectional elevation view illustrative of a semiconductor device 
having a multilayer interconnection board, on which a semiconductor chip 
is mounted in a tenth embodiment according to the present invention. A 
semiconductor device 32 has a multilayer interconnection board 3. A 

15 flip-chip semiconductor chip 2 is flip-mounted on the multilayer 
interconnection board 3, wherein a first surface of the flip-chip 
semiconductor chip 2 is electrically connected through bumps 14 to a first 
surface of the multilayer interconnection board 3. A second surface of the 
multilayer interconnection board 3 has arrays of external electrode pads 17. 

20 A sealing resin material 31 is provided over the first surface of the 
multilayer interconnection board 3 for sealing the semiconductor chip 2 
and the bumps 14. The bumps 14 and the solder balls 13 are eclectically 
connected to each other through multilevel interconnections of the 
multilayer interconnection board 3. A second surface of the multilayer 
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interconnection board 3 has arrays of external electrode pads 17 on which a 
buffer layer 4 is formed. Solder balls 13 are formed on a bottom surface of 
the buffer layer 4. The buffer layer 4 comprises plural metal buffer layers 
11 which are in contact with the external electrode pads 17 and a stress 
5 absorption layer 12 in gaps between the plural metal buffer layers 11. The 
buffer layer 4 is thus provided between the external electrode pads 17 of 
the multilayer interconnection board 3 and the solder balls 13. The buffer 
layer 4 comprising plural metal buffer layers 1 1 and the stress absorption 
layer 12 has a sufficient stand-off height for relaxing the stress applied 

10 between the flip-chip semiconductor device 32 and the circuit board not 
illustrated. Further, a supporting frame 25 is provided which extends on a 
peripheral region of the bottom surface of the multilayer interconnection 
board 3. The stress absorption layer 12 is provided on the bottom surface of 
the multilayer interconnection board 3 except under the external electrode 

15 pads 17 and the peripheral region of the multilayer interconnection board 3. 
The stress absorption layer 12 is also provided between the plural metal 
buffer layers 11 and the supporting frame 25. The stress absorption layer 12 
has a multilayer structure which has physical properties absorbing stresses 
and strains. The stress absorption layer 12 may be made of a silicone resin 

20 material. Organic materials such as epoxy based resins, silicone based 
resins, polyolefin based resins, cyanate ester based resins, phenol based 
resins, naphthalene based resins are also available for the stress absorption 
layer 12. The supporting frame 25 protects the multilayer interconnection 
board 3 and the buffer layer 4 comprising plurality of metal buffer layers 1 1 
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from mechanical stresses when the product is handled. Since the buffer 
layer 4 comprises the plural metal buffer layers 11, the external electrode 
pads 17 of the multilayer interconnection board 3 are electrically connected 
through the plural metal buffer layers 11 to the solder balls 13. A sealing 
5 resin material 31 is provided over the first surface of the multilayer 
interconnection board 3 for sealing the semiconductor chip 2 and the 
bumps 14. The bumps 14 and the solder balls 13 are eclectically connected 
to each other through multilevel interconnections of the multilayer 
interconnection board 3. In order to increase a bonding strength between 

10 the solder balls 13 and the plural metal buffer layers 1 1 of the buffer layer 4, 
a supporting layer 59 is provided on the bottom surface of the buffer layer 4 
so that the supporting layer 59 surrounds the solder balls 13 for supporting 
the solder balls 1 3 to increase the bonding stability between the solder balls 
13 and the external electrode pads 17 of the multilayer interconnection 

15 board 3. The supporting layer 59 comprises a supporting plate 51 and a 
supporting sealing resin material 54. The supporting plate 51 extends in 
parallel to the bottom surface of the buffer layer 4, wherein the supporting 
plate 5 1 has an array of solder ball insertion holes 52 having a diameter 
which is slightly larger than a diameter of the solder balls 13, so that the 

20 solder balls 13 are inserted in the solder ball insertion holes 52 and 
surrounded by the supporting plate 51. The supporting plate 51 is so 
provided as to form an inter-space between the supporting plate 51 and the 
bottom surface or the buffer layer 4. The supporting plate 5 1 further has a 
resin injection hole 53 for allowing a resin material into the inter-space 
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between the supporting plate 51 and the bottom surface or the second 
surface of the multilayer interconnection board 3. The supporting plate 51 
may be made of a high rigidity material. Insulating materials and 
conductive materials are also available for the supporting plate 51, 
5 provided that the material has the high rigidity. The resin material is 
injected through the resin injection hole 53 of the supporting plate 51 into 
the inter-space between the supporting plate 5 1 and the bottom surface or 
the second surface of the multilayer interconnection board 3, thereby to 
form the supporting sealing resin material 54 in the inter-space between the 

10 supporting plate 51 and the bottom surface or the second surface of the 
multilayer interconnection board 3. The supporting sealing resin material 
54 is tightly contact with upper portions of the solder balls 13 for 
supporting the solder balls 13 to increase the bonding stability between the 
solder balls 13 and the plural metal buffer layers 11 of the buffer layer 4. 

1 5 The supporting plate 5 1 defines a height or a thickness of the supporting 
sealing resin material 54, wherein the thickness of the supporting sealing 
resin material 54 is defined to be smaller than the height of the solder balls 
13 so that the tops of the solder balls 13 project from the solder ball 
insertion holes 52 of the supporting plate 51 and from the bottom surface of 

20 the supporting sealing resin material 54. 

In this embodiment, a heat conductive adhesive layer 41 is 
provided on a second surface of the semiconductor chip 2. A heat spreader 
42 is provided on the heat conductive adhesive layer 41 so that the heat 
spreader 42 is adhered through the heat conductive adhesive layer 41 to the 
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second surface of the semiconductor chip 2. The bumps 14 and the solder 
balls 13 are eclectically connected to each other through multilevel 
interconnections of the multilayer interconnection board 3. A heat 
generated in the semiconductor chip 2 is conducted through the heat 
5 conductive adhesive layer 41 to the heat spreader 42 for causing a heat 
radiation from the heat spreader 42. The heat spreader 42 may be made of a 
heat conductive material such as a metal base material, for example, Cu, Al, 
W, Mo, Fe, Ni, and Cr, or A1203, A1N, SiC, other ceramics such as mullite. 
The heat conductive adhesive layer 41 may be made of a resin based 

10 material containing a heat conductive material, wherein the resin based 
material may be one of epoxy resin materials, silicone resin materials, 
polyimide resin materials, polyolefin resin materials, cyanate ester resin 
materials, phenol resin materials and naphthalene resin materials, whilst the 
heat conductive material may be one of Ag, Pd, Cu, Al, Au, Mo, W, 

15 diamond, A1203, A1N, and ceramic materials such as mullite, BN and SiC. 

ELEVENTH EMBODIMENT : 

An eleventh embodiment according to the present invention will 
be described in detail with reference to the drawings. A difference in the 
20 eleventh embodiment from the tenth embodiment is in that in place of the 
sealing resin material, an under- fill resin material and a stiffener are further 
provided. FIG. 23 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in an eleventh embodiment according to 
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the present invention. A semiconductor device 32 has a multilayer 
interconnection board 3. A flip-chip semiconductor chip 2 is flip-mounted 
on the multilayer interconnection board 3, wherein a first surface of the 
flip-chip semiconductor chip 2 is electrically connected through bumps 14 
5 to a first surface of the multilayer interconnection board 3. A second 
surface of the multilayer interconnection board 3 has arrays of external 
electrode pads 17. The bumps 14 and the solder balls 13 are eclectically 
connected to each other through multilevel interconnections of the 
multilayer interconnection board 3. A second surface of the multilayer 

10 interconnection board 3 has arrays of external electrode pads 17 on which a 
buffer layer 4 is formed. Solder balls 13 are formed on a bottom surface of 
the buffer layer 4. The buffer layer 4 comprises plural metal buffer layers 
11 which are in contact with the external electrode pads 17 and a stress 
absorption layer 12 in gaps between the plural metal buffer layers 11. The 

15 buffer layer 4 is thus provided between the external electrode pads 17 of 
the multilayer interconnection board 3 and the solder balls 13. The buffer 
layer 4 comprising plural metal buffer layers 1 1 and the stress absorption 
layer 12 has a sufficient stand-off height for relaxing the stress applied 
between the flip-chip semiconductor device 32 and the circuit board not 

20 illustrated. Further, a supporting frame 25 is provided which extends on a 
peripheral region of the bottom surface of the multilayer interconnection 
board 3. The stress absorption layer 12 is provided on the bottom surface of 
the multilayer interconnection board 3 except under the external electrode 
pads 1 7 and the peripheral region of the multilayer interconnection board 3 . 
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The stress absorption layer 12 is also provided between the plural metal 
buffer layers 1 1 and the supporting frame 25. The stress absorption layer 12 
has a multilayer structure which has physical properties absorbing stresses 
and strains. The stress absorption layer 12 may be made of a silicone resin 
5 material. Organic materials such as epoxy based resins, silicone based 
resins, polyolefm based resins, cyanate ester based resins, phenol based 
resins, naphthalene based resins are also available for the stress absorption 
layer 12. The supporting frame 25 protects the multilayer interconnection 
board 3 and the buffer layer 4 comprising plurality of metal buffer layers 1 1 

10 from mechanical stresses when the product is handled. Since the buffer 
layer 4 comprises the plural metal buffer layers 11, the external electrode 
pads 17 of the multilayer interconnection board 3 are electrically connected 
through the plural metal buffer layers 11 to the solder balls 13. In place of 
the sealing resin material, an under-fill resin layer 43 is provided over the 

15 first surface of the multilayer interconnection board 3 for sealing the 
semiconductor chip 2 and the bumps 14. The bumps 14 and the solder balls 
13 are eclectically connected to each other through multilevel 
interconnections of the multilayer interconnection board 3. The under- fill 
resin layer 43 may be made of one of epoxy resin materials, silicone resin 

20 materials, polyimide resin materials, polyolefm resin materials, cyanate 
ester resin materials, phenol resin materials and naphthalene resin materials. 
A heat conductive adhesive layer 41 is provided on a top surface of the 
semiconductor chip 2. Further, a stiffener 44 is adhered through an 
adhesive 45 on a peripheral region of the first surface or the upper surface 



Page 188 



Pf-2683/nec/us/i 



# 



of the multiyear interconnection board. A heat spreader 42 is provided on 
the heat conductive adhesive layer 41 and on an adhesive applied on the top 
of the stiffener 44 so that the heat spreader 42 is adhered through the heat 
conductive adhesive layer 41 to the top surface of the semiconductor chip 2 
5 and also adhered through the adhesive 45 to the stiffener 44. A heat 
generated in the semiconductor chip 2 is conducted through the heat 
conductive adhesive layer 41 to the heat spreader 42 for causing a heat 
radiation from the heat spreader 42. The heat spreader 42 may be made of a 
heat conductive material such as a metal base material, for example, Cu, Al, 

10 W 5 Mo, Fe, Ni, and Cr, or A1203, A1N, SiC, other ceramics such as mullite. 
The heat conductive adhesive layer 41 may be made of a resin based 
material containing a heat conductive material, wherein the resin based 
material may be one of epoxy resin materials, silicone resin materials, 
polyimide resin materials, polyolefin resin materials, cyanate ester resin 

15 materials, phenol resin materials and naphthalene resin materials, whilst the 
heat conductive material may be one of Ag, Pd, Cu, Al, Au, Mo, W, 
diamond, A1203, A1N, and ceramic materials such as mullite, BN and SiC. 
The bumps 14 and the solder balls 13 are eclectically connected to each 
other through multilevel interconnections of the multilayer interconnection 

20 board 3. In order to increase a bonding strength between the solder balls 13 
and the plural metal buffer layers 1 1 of the buffer layer 4, a supporting 
layer 59 is provided on the bottom surface of the buffer layer 4 so that the 
supporting layer 59 surrounds the solder balls 13 for supporting the solder 
balls 13 to increase the bonding stability between the solder balls 13 and 
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the external electrode pads 17 of the multilayer interconnection board 3. 
The supporting layer 59 comprises a supporting plate 51 and a supporting 
sealing resin material 54. The supporting plate 51 extends in parallel to the 
bottom surface of the buffer layer 4, wherein the supporting plate 51 has an 
5 array of solder ball insertion holes 52 having a diameter which is slightly 
larger than a diameter of the solder balls 13, so that the solder balls 13 are 
inserted in the solder ball insertion holes 52 and surrounded by the 
supporting plate 51. The supporting plate 51 is so provided as to form an 
inter-space between the supporting plate 5 1 and the bottom surface or the 

10 buffer layer 4. The supporting plate 51 further has a resin injection hole 53 
for allowing a resin material into the inter-space between the supporting 
plate 5 1 and the bottom surface or the second surface of the multilayer 
interconnection board 3. The supporting plate 51 may be made of a high 
rigidity material. Insulating materials and conductive materials are also 

1 5 available for the supporting plate 5 1 , provided that the material has the high 
rigidity. The resin material is injected through the resin injection hole 53 of 
the supporting plate 5 1 into the inter-space between the supporting plate 5 1 
and the bottom surface or the second surface of the multilayer 
interconnection board 3, thereby to form the supporting sealing resin 

20 material 54 in the inter-space between the supporting plate 51 and the 
bottom surface or the second surface of the multilayer interconnection 
board 3. The supporting sealing resin material 54 is tightly contact with 
upper portions of the solder balls 13 for supporting the solder balls 13 to 
increase the bonding stability between the solder balls 13 and the plural 
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metal buffer layers 11 of the buffer layer 4. The supporting plate 51 defines 
a height or a thickness of the supporting sealing resin material 54, wherein 
the thickness of the supporting sealing resin material 54 is defined to be 
smaller than the height of the solder balls 13 so that the tops of the solder 
5 balls 13 project from the solder ball insertion holes 52 of the supporting 
plate 51 and from the bottom surface of the supporting sealing resin 
material 54. 

TWELFTH EMBODIMENT : 

10 A twelfth embodiment according to the present invention will 

be described in detail with reference to the drawings. A difference in the 
twelfth embodiment from the ninth embodiment is in that plural metal 
column electrodes are bonded by an adhesive to external electrode pads of 
a multilayer interconnection board and a stress absorption resin layer 12' is 

15 also provided to fill gaps between the plural metal column electrodes. In 
the above ninth embodiment, the plural metal electrode layers are formed 
by selective etching to the metal plate. In this embodiment, the metal plate 
or the high rigidity plate is once completely removed and then the plural 
metal column electrodes are bonded by an adhesive to external electrode 

20 pads of a multilayer interconnection board. 

FIG. 24 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a twelfth embodiment according to the 
present invention. A semiconductor device 32 has a multilayer 
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interconnection board 3. A flip-chip semiconductor chip 2 is flip-mounted 
on the multilayer interconnection board 3, wherein a first surface of the 
flip-chip semiconductor chip 2 is electrically connected through bumps 14 
to a first surface of the multilayer interconnection board 3. A second 
5 surface of the multilayer interconnection board 3 has arrays of external 
electrode pads 17. A sealing resin material 15 is provided over the first 
surface of the multilayer interconnection board 3 for sealing the 
semiconductor chip 2 and the bumps 14. The bumps 14 and the solder balls 
13 are eclectically connected to each other through multilevel 

10 interconnections of the multilayer interconnection board 3. A second 
surface of the multilayer interconnection board 3 has arrays of external 
electrode pads 17 on which a buffer layer 4' is formed. Solder balls 13 are 
formed on a bottom surface of the buffer layer 4'. The buffer layer 4' 
comprises plural metal column- shaped buffer layers 11' which are bonded 

15 by an adhesive 61 in to the external electrode pads 17 and a stress 
absorption layer 12' in gaps between the plural metal column-shaped buffer 
layers 11'. The buffer layer 4' is thus provided between the external 
electrode pads 17 of the multilayer interconnection board 3 and the solder 
balls 13. The buffer layer 4' comprising the plural metal column-shaped 

20 buffer layers 1 1 ' and the stress absorption layer 12 has a sufficient stand-off 
height for relaxing the stress applied between the flip-chip semiconductor 
device 32 and the circuit board not illustrated. The stress absorption layer 
12' is provided on the bottom surface of the multilayer interconnection 
board 3 except under the external electrode pads 17 and the peripheral 
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region of the multilayer interconnection board 3. The stress absorption 
layer 12' has a multilayer structure which has physical properties absorbing 
stresses and strains. The stress absorption layer 12' may be made of a 
silicone resin material. Organic materials such as epoxy based resins, 
5 silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are also available for the 
stress absorption layer 12'. Since the buffer layer 4' comprises the plural 
metal column-shaped buffer layers 11', the external electrode pads 17 of 
the multilayer interconnection board 3 are electrically connected through 

10 the plural metal column-shaped buffer layers IT to the solder balls 13. A 
sealing resin material 3 1 is provided over the first surface of the multilayer 
interconnection board 3 for sealing the semiconductor chip 2 and the 
bumps 14. The bumps 14 and the solder balls 13 are eclectically connected 
to each other through multilevel interconnections of the multilayer 

1 5 interconnection board 3 . 

In this embodiment, in order to increase a bonding strength 
between the solder balls 13 and the plural metal column-shaped buffer 
layers 11' of the buffer layer 4\ a supporting layer 59 is provided on the 
bottom surface of the buffer layer 4' so that the supporting layer 59 

20 surrounds the solder balls 13 for supporting the solder balls 13 to increase 
the bonding stability between the solder balls 13 and the plural metal 
column-shaped buffer layers 1 1 ' of the buffer layer 4'. The supporting layer 
59 comprises a supporting plate 51 and a supporting sealing resin material 
54. The supporting plate 51 extends in parallel to the bottom surface of the 
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buffer layer 4', wherein the supporting plate 51 has an array of solder ball 
insertion holes 52 having a diameter which is slightly larger than a diameter 
of the solder balls 13, so that the solder balls 13 are inserted in the solder 
ball insertion holes 52 and surrounded by the supporting plate 51. The 
5 supporting plate 51 is so provided as to form an inter-space between the 
supporting plate 51 and the bottom surface or the buffer layer 4\ The 
supporting plate 51 further has a resin injection hole 53 for allowing a resin 
material into the inter-space between the supporting plate 51 and the 
bottom surface or the second surface of the multilayer interconnection 

10 board 3. The supporting plate 51 may be made of a high rigidity material. 
Insulating materials and conductive materials are also available for the 
supporting plate 51 , provided that the material has the high rigidity. The 
resin material is injected through the resin injection hole 53 of the 
supporting plate 51 into the inter-space between the supporting plate 51 and 

15 the bottom surface or the second surface of the multilayer interconnection 
board 3, thereby to form the supporting sealing resin material 54 in the 
inter-space between the supporting plate 51 and the bottom surface of the 
buffer layer 4\ The supporting sealing resin material 54 is tightly contact 
with upper portions of the solder balls 13 for supporting the solder balls 13 

20 to increase the bonding stability between the solder balls 13 and the plural 
metal buffer layers 1 1 of the buffer layer 4. The supporting plate 51 defines 
a height or a thickness of the supporting sealing resin material 54, wherein 
the thickness of the supporting sealing resin material 54 is defined to be 
smaller than the height of the solder balls 13 so that the tops of the solder 
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balls 13 project from the solder ball insertion holes 52 of the supporting 
plate 51 and from the bottom surface of the supporting sealing resin 
material 54. 

FIGS. 25A through 25U are fragmentary cross sectional 
5 elevation views illustrative of a novel method of forming a semiconductor 
device having a multilayer interconnection board on which a 
semiconductor chip is mounted in a twelfth embodiment in accordance 
with the present invention. 

With reference to FIG. 25 A, a high rigidity plate 16 is prepared. 

10 The high rigidity plate 16 may be made of any material having a high 
rigidity. Metals such as Cu-, Ni-, A1-, W-, Mo-, Au-, Ag- and Pt-based 
metals, complex materials of different metals and ceramics are available for 
the high rigidity plate 16. 

With reference to FIG. 25B, an adhesive metal layer of a metal 

15 such as a Ti-base alloy, a Cr-base alloy, a Mo-base alloy, and a W-base 
alloy is formed on a first surface of the high rigidity plate 16 by a 
sputtering method. An electrode material layer of a metal such as Cu, Al, 
and Ni is then formed on the adhesive metal layer by a sputtering method 
to form laminations of the adhesive metal layer and the electrode material 

20 layer. A resist film is then applied on the laminations of the adhesive metal 
layer and the electrode material layer. The resist film is then patterned by 
an exposure and a subsequent development to form a resist pattern. A 
selective wet etching process or a selective dry etching process to the 
laminations of the adhesive metal layer and the electrode material layer is 
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carried out by use of the resist pattern as a mask so as to pattern the 
laminations of the adhesive metal layer and the electrode material layer, 
whereby external electrode pads 17-1 are selectively formed on the first 
surface of the high rigidity plate 16. The used resist pattern is then 
5 removed. 

If a minimum pitch of the external electrode pads 17-1 is not so 
narrow, then it is possible as a modification that a resist is coated directly 
on the first surface of the high rigidity plate 16 and then patterned by an 
exposure and a development to form a resist pattern before a selective 

10 electroplating of metal is then carried out by use of the resist pattern as a 
mask, followed by removal of the used resist pattern. 

With reference to FIG. 25C, an insulative resin thin film 18-1 is 
then formed over the external electrode pads 17-1 and the first surface of 
the high rigidity plate 16. The insulative resin thin film 18-1 may comprise 

15 a polyimide based resin thin film which may be formed by a spin coating 
method, a chemical vapor deposition method or a physical vapor deposition 
method. In place of the polyimide based resin, silicon dioxide based 
inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 

20 phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-1. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. 

With reference to FIG. 25D, the insulative resin thin film 18-1 is 
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selectively removed to form openings 19-1 in the insulative resin thin film 
18-1 and over the external electrode pads 17-1. A resist film is applied on 
the insulative resin thin film 18-1 and then patterned by an exposure and a 
subsequent development to form a resist pattern on the insulative resin thin 
5 film 18-1. If the insulative resin thin film 18-1 is made of a material which 
is removable by a chemical etching process, the insulative resin thin film 
18-1 is selectively removed by a wet etching by use of the resist pattern as 
a mask to form the openings 19-1 in the insulative resin thin film 18-1. If 
the insulative resin thin film 18-1 is made of a material which is 

10 unremovable by the chemical etching process, the insulative resin thin film 
18-1 is selectively removed by a dry etching by use of the resist pattern as a 
mask to form the openings 19-1 in the insulative resin thin film 18-1. The 
external electrode pads 17-1 are partially shown through the openings 19-1 
formed in the insulative resin thin film 18-1. The used resist pattern is then 

1 5 removed. 

With reference to FIG. 25E, an adhesive metal thin film 21a is 
entirely formed which extends on the surface of the insulative resin thin 
film 18-1 and the shown parts of the external electrode pads 17-1 by a 
sputtering method. The adhesive metal thin film 21a may be made of a 
20 Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 
Subsequently, a metal electrode thin film 21b is also entirely formed on the 
adhesive metal thin film 21a by a sputtering method, a chemical vapor 
deposition or an electroless plating method. The metal electrode thin film 
21b may be made of Cu, Al or Ni. Laminations of the adhesive metal thin 
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film 21a and the metal electrode thin film 21b form a metal thin film 21 
which extends on the surface of the insulative resin thin film 18-1 and 
within the openings 19-1 over the external electrode pads 17-1. 

With reference to FIG. 25F 5 a resist film is entirely formed on the 
5 metal thin film 21 and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film 2 1 . The metal 
thin film 21 is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-1 in the 
openings 19-1 and metal thin film interconnection layers 22-1 over the 

10 insulative resin thin film 18-1, wherein the metal thin film interconnection 
layers 22-1 are in contact directly with the metal thin film contact layers 
23-1, so that the metal thin film interconnection layers 22-1 are electrically 
connected through the metal thin film contact layers 23-1 to the external 
electrode pads 17-1. The used resist mask is then removed. The external 

15 electrode pads 17-1 shown in FIG. 25F correspond to the first level 
interconnection pattern 5-1 of the first interconnection layer 5 shown in 
FIG. 6. The insulative resin thin film 18-1 shown in FIG. 25F also 
corresponds to the first level insulating layer 5-2 of the first interconnection 
layer 5 shown in FIG. 6. The metal thin film contact layers 23-1 shown in 

20 FIG. 25F also corresponds to the first level contact layer 5-3 of the first 
interconnection layer 5. The metal thin film interconnection layers 22-1 
shown in FIG. 25F also corresponds to the second level interconnection 
pattern 6-1 of the second interconnection layer 6. 

If the pattern pitch of the metal thin film interconnection layers 



Page 198 



Pf-2683/nec/us/rj 




22-1 is not so narrow, then it is possible as a modification that after the 
metal thin film 21 has been formed, then the resist pattern is formed on the 
metal thin film 21 so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 
5 over the metal thin film 21. The used resist mask is then removed. The 
metal thin film 21 is then selectively etched by use of the Cu-plated 
patterns as a mask thereby to form the metal thin film interconnection 
layers 22-1 over the insulative resin thin film 18-1 and the metal thin film 
contact layers 23-1 in the openings 19-1. 
10 In accordance with the above described method and its 

modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-1 are not more than 1 
micrometers. 

With reference to FIG. 25G, an insulative resin thin film 18-2 is 
15 then formed over the metal thin film interconnection layers 22-1 and the 
insulative resin thin film 18-1. The insulative resin thin film 18-2 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 
20 based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-2. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
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inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 18-2 is selectively removed to form openings 19-2 
in the insulative resin thin film 18-2 and over the metal thin film 
interconnection layers 22-1. A resist film is applied on the insulative resin 
5 thin film 18-2 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-2. 
If the insulative resin thin film 18-2 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 18-2 
is selectively removed by a wet etching by use of the resist pattern as a 

10 mask to form the openings 19-2 in the insulative resin thin film 18-2. If the 
insulative resin thin film 18-2 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-2 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-2 in the insulative resin thin film 18-2. The metal 

15 thin film interconnection layers 22-1 are partially shown through the 
openings 19-2 formed in the insulative resin thin film 18-2. The used resist 
pattern is then removed. 

With reference to FIG. 25H, an adhesive metal thin film is 
entirely formed which extends on the surface of the insulative resin thin 

20 film 1 8-2 and the shown parts of the metal thin film interconnection layers 
22-1 by a sputtering method. The adhesive metal thin film may be made of 
a Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 
Subsequently, a metal electrode thin film is also entirely formed on the 
adhesive metal thin film by a sputtering method, a chemical vapor 
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deposition or an electroless plating method. The metal electrode thin film 
may be made of Cu, Al or Ni. Laminations of the adhesive metal thin film 
and the metal electrode thin film form a metal thin film which extends on 
the surface of the insulative resin thin film 18-2 and within the openings 
5 19-2 over the metal thin film interconnection layers 22-1. A resist film is 
entirely formed on the metal thin film and then patterned by an exposure 
and a subsequent development to form a resist pattern over the metal thin 
film. The metal thin film is then patterned by a wet etching or a dry etching 
by use of the resist pattern as a mask to form metal thin film contact layers 

10 23-2 in the openings 19-2 and metal thin film interconnection layers 22-2 
over the insulative resin thin film 18-2, wherein the metal thin film 
interconnection layers 22-2 are in contact directly with the metal thin film 
contact layers 23-2, so that the metal thin film interconnection layers 22-2 
are electrically connected through the metal thin film contact layers 23-2 to 

1 5 the metal thin film interconnection layers 22- 1 . The used resist mask is then 
removed. The metal thin film interconnection layers 22-1 shown in FIG. 
25H correspond to the second level interconnection pattern 6-1 of the 
second interconnection layer 6 shown in FIG. 6. The insulative resin thin 
film 18-2 shown in FIG. 25H also corresponds to the second level 

20 insulating layer 6-2 of the second interconnection layer 6 shown in FIG. 6. 
The metal thin film contact layers 23-2 shown in FIG. 25H also 
corresponds to the second level contact layer 6-3 of the second 
interconnection layer 6. The metal thin film interconnection layers 22-2 
shown in FIG. 25H also corresponds to the third level interconnection 
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pattern 7-1 of the third interconnection layer 7. 

If the pattern pitch of the metal thin film interconnection layers 

22- 2 is not so narrow, then it is possible as a modification that after the 
metal thin film has been formed, then the resist pattern is formed on the 

5 metal thin film so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film. The used resist mask is then removed. The metal 
thin film is then selectively etched by use of the Cu-plated patterns as a 
mask thereby to form the metal thin film interconnection layers 22-2 over 
10 the insulative resin thin film 18-2 and the metal thin film contact layers 

23- 2 in the openings 19-2. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-2 are not more than 1 

15 micrometers. 

With reference to FIG. 251, an insulative resin thin film 18-3 is 
then formed over the metal thin film interconnection layers 22-2 and the 
insulative resin thin film 18-2. The insulative resin thin film 18-3 may 
comprise a polyimide based resin thin film which may be formed by a spin 

20 coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
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insulative resin thin film 18-3. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 18-3 is selectively removed to form openings 19-3 
5 in the insulative resin thin film 18-3 and over the metal thin film 
interconnection layers 22-2. A resist film is applied on the insulative resin 
thin film 18-3 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-3. 
If the insulative resin thin film 18-3 is made of a material which is 

10 removable by a chemical etching process, the insulative resin thin film 18-3 
is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-3 in the insulative resin thin film 18-3. If the 
insulative resin thin film 18-3 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-3 is 

1 5 selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-3 in the insulative resin thin film 18-3. The metal 
thin film interconnection layers 22-2 are partially shown through the 
openings 19-3 formed in the insulative resin thin film 18-3. The used resist 
pattern is then removed. 

20 With reference to FIG. 25 J, an adhesive metal thin film is entirely 

formed which extends on the surface of the insulative resin thin film 18-3 
and the shown parts of the metal thin film interconnection layers 22-2 by a 
sputtering method. The adhesive metal thin film may be made of a Ti-based 
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently, 
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a metal electrode thin film is also entirely formed on the adhesive metal 
thin film by a sputtering method, a chemical vapor deposition or an 
electroless plating method. The metal electrode thin film may be made of 
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal 
5 electrode thin film form a metal thin film which extends on the surface of 
the insulative resin thin film 18-3 and within the openings 19-3 over the 
metal thin film interconnection layers 22-2. A resist film is entirely formed 
on the metal thin film and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film. The metal 

1 0 thin film is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-3 in the 
openings 19-3 and metal thin film interconnection layers 22-3 over the 
insulative resin thin film 18-3, wherein the metal thin film interconnection 
layers 22-3 are in contact directly with the metal thin film contact layers 

15 23-3, so that the metal thin film interconnection layers 22-3 are electrically 
connected through the metal thin film contact layers 23-3 to the metal thin 
film interconnection layers 22-2. The used resist mask is then removed. 
The metal thin film interconnection layers 22-2 shown in FIG. 25 J 
correspond to the third level interconnection pattern 7-1 of the third 

20 interconnection layer 7 shown in FIG. 6. The insulative resin thin film 18-3 
shown in FIG. 25J also corresponds to the third level insulating layer 7-2 of 
the third interconnection layer 7 shown in FIG. 6. The metal thin film 
contact layers 23-3 shown in FIG. 25J also corresponds to the third level 
contact layer 7-3 of the third interconnection layer 7. The metal thin film 
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interconnection layers 22-3 shown in FIG. 25J also corresponds to the 
fourth level interconnection pattern 8-1 of the third interconnection layer 8. 

If the pattern pitch of the metal thin film interconnection layers 

22- 3 is not so narrow, then it is possible as a modification that after the 
metal thin film has been formed, then the resist pattern is formed on the 
metal thin film so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film. The used resist mask is then removed. The metal 
thin film is then selectively etched by use of the Cu-plated patterns as a 
mask thereby to form the metal thin film interconnection layers 22-3 over 
the insulative resin thin film 18-3 and the metal thin film contact layers 

23- 3 in the openings 19-3. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-3 are not more than 1 
micrometers. 

With reference to FIG. 25K, an insulative resin thin film 18-4 is 
then formed over the metal thin film interconnection layers 22-3 and the 
insulative resin thin film 18-3. The insulative resin thin film 18-4 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
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phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-4. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 
5 insulative resin thin film 18-4 is selectively removed to form openings 19-4 
in the insulative resin thin film 18-4 and over the metal thin film 
interconnection layers 22-3. A resist film is applied on the insulative resin 
thin film 18-4 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-4. 

10 If the insulative resin thin film 18-4 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 1 8-4 
is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-4 in the insulative resin thin film 18-4. If the 
insulative resin thin film 1 8-4 is made of a material which is unremovable 

15 by the chemical etching process, the insulative resin thin film 18-4 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-4 in the insulative resin thin film 18-3. The metal 
thin film interconnection layers 22-3 are partially shown through the 
openings 19-4 formed in the insulative resin thin film 18-4. The used resist 

20 pattern is then removed. 

With reference to FIG. 25L, an adhesive metal thin film is 
entirely formed which extends on the surface of the insulative resin thin 
film 1 8-4 and the shown parts of the metal thin film interconnection layers 
22-3 by a sputtering method. The adhesive metal thin film may be made of 
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a Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 
Subsequently, a metal electrode thin film is also entirely formed on the 
adhesive metal thin film by a sputtering method, a chemical vapor 
deposition or an electroless plating method. The metal electrode thin film 
5 may be made of Cu, Al or Ni. Laminations of the adhesive metal thin film 
and the metal electrode thin film form a metal thin film which extends on 
the surface of the insulative resin thin film 18-4 and within the openings 
19-4 over the metal thin film interconnection layers 22-3. A resist film is 
entirely formed on the metal thin film and then patterned by an exposure 
10 and a subsequent development to form a resist pattern over the metal thin 

' J film. The metal thin film is then patterned by a wet etching or a dry etching 

IQ 

in by use of the resist pattern as a mask to form metal thin film contact layers 

O 

i=j 23-4 in the openings 19-4 and pad electrodes 22-4 over the insulative resin 

M thin film 18-4, wherein the pad electrodes 22-4 are in contact directly with 

Q 

o 15 the metal thin film contact layers 23-4, so that the pad electrodes 22-4 are 

i:: :a; 

O electrically connected through the metal thin film contact layers 23-4 to the 

metal thin film interconnection layers 22-3. The used resist mask is then 
removed. The metal thin film interconnection layers 22-3 shown in FIG. 
25L correspond to the fourth level interconnection pattern 8-1 of the fourth 
20 interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4 
shown in FIG. 25L also corresponds to the fourth level insulating layer 8-2 
of the fourth interconnection layer 8 shown in FIG. 6. The metal thin film 
contact layers 23-4 shown in FIG. 25L also corresponds to the fourth level 
contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes 
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22-4 shown in FIG. 25L also corresponds to the fifth level interconnection 
pattern 9-1 of the fifth interconnection layer 9. 

If the pattern pitch of the pad electrodes 22-4 is not so narrow, 
then it is possible as a modification that after the metal thin film has been 
5 formed, then the resist pattern is formed on the metal thin film so that a 
selective electroplating of metal such as Cu is carried out by use of the 
resist pattern as a mask to form Cu-plated patterns over the metal thin film. 
The used resist mask is then removed. The metal thin film is then 
selectively etched by use of the Cu-plated patterns as a mask thereby to 

10 form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the 
metal thin film contact layers 23-4 in the openings 19-4. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the pad 
electrodes 22-4 are not more than 1 micrometers. 

15 With reference to FIG. 25M, a solder resist film 24 is then 

formed over the pad electrodes 22-4 and the insulative resin thin film 18-4 
in order to protect the multilayer interconnection board 3 having the pad 
electrodes 24. The solder resist film 24 shown in FIG. 25M corresponds to 
the fifth level insulating layer 9-2 of the fifth interconnection layer 9 shown 

20 in FIG. 6. The solder resist film 24 may comprise an organic insulating film 
such an epoxy resin film containing an inorganic filler such as fine powders 
of silicon dioxide. Alternatively, the solder resist film 24 may be made of a 
material which has a large resistivity to external chemical stress, and a 
large resistivity to a Flux cleaning solution or an Au plating solution as 
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well as a high adhesiveness to a sealing material such as an under-fill 
material. If the above first to fourth insulative resin thin films 18-1, 18-2, 
18-3 and 18-4 are highly resistive to the chemical and chemical stresses, it 
is possible as a modification to eliminate the formation of the solder resist 
5 film 24. The solder resist film 24 is selectively removed to form openings 
24a in the solder resist film 24 and over the pad electrodes 22-4. If the 
solder resist film 24 is made of a non-photosensitive material, a resist film 
is applied on the solder resist film 24 and then patterned by an exposure 
and a subsequent development to form a resist pattern on the solder resist 

10 film 24, so that the solder resist film 24 is selectively removed by a wet 
etching by use of the resist pattern as a mask to form the openings 24a in 
the solder resist film 24, followed by removal of the used resist pattern. If 
the solder resist film 24 is made of a photosensitive material, then the 
solder resist film 24 is directly patterned by an exposure and a subsequent 

15 development to form the openings 24a in the solder resist film 24. The 
electrode pads 22-4 are partially shown through the openings 24a formed in 
the solder resist film 24. 

With reference to FIG. 25N, the high rigidity plate 16 is 
completely removed by an etching process, whereby the multilayer 

20 interconnection board 3 remains. The external electrode pads 17-1 in the 
first interconnection layer 5 and the pad electrodes 22-4 in the fifth 
interconnection layer 9 are then subjected to an electroless plating for 
plating laminated Ni and Au layers or laminated Zn, Ni and Au layers on 
the external electrode pads 17-1 and the pad electrodes 22-4 in order to 
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improve a bonding property between the external electrode pads 17-1 and 
also a bonding property between the pad electrodes 22-4 and the bumps 14 
of the semiconductor chip 2. As a result, the multilayer interconnection 
board 3 is completed, which comprises plural unit multilayer 
interconnection boards. A test for electrical characteristics of the multilayer 
interconnection board 3 is then made, so that only quality-confirmed units 
in the plural unit multilayer interconnection boards in the electrical 
characteristic test are then subjected to a mounting process for mounting 
semiconductor chips thereon. 

With reference to FIG. 250, semiconductor chips 2 are mounted 
on the multilayer interconnection board 3, wherein the semiconductor chips 
2 have the plural bumps 14, and the plural bumps 14 are made into contact 
with the electrode pads 22-4 of the multilayer interconnection board 3, so 
that the semiconductor chips 2 are electrically connected through the plural 
bumps 14 to the multilayer interconnection board 3. If the bumps 14 are 
made of a metal based solder material such as Sn or Pb, a flip-chip bonding 
utilizing a heat re-flow process using Flux is available for bonding the 
plural bumps 14 to the electrode pads 22-4 of the multilayer 
interconnection board 3. If the bumps 14 are made of a metal based solder 
material such as Au or In, a flip-chip bonding utilizing a 
thermo-compression bonding is available for bonding the plural bumps 14 
to the electrode pads 22-4 of the multilayer interconnection board 3 . 

With reference to FIG. 25P, an insulative resin material 31 is 
formed which coats side walls of the semiconductor chips 2, an inter-space 
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between the semiconductor chips 2 and the multilayer interconnection 
board 3 around the bumps 14 and the surface of the solder resist film 24 of 
the multilayer interconnection board 3 in order to protect the 
semiconductor chips 2, the bumps 14 and the multilayer interconnection 
5 board 3. This coating process is carried out by use of a resin injection 
technique involving a vacuum sealing technique or a transfer sealing 
technique. The insulative resin material 31 may be made of one of epoxy 
resin materials, silicone resin materials, polyimide resin materials, 
polyolefin resin materials, cyanate ester resin materials, phenol resin 

10 materials and naphthalene resin materials. 

With reference to FIG. 25Q, plural metal column-shaped buffer 
layers 1 1 ' are bonded by an adhesive 61 in to the external electrode pads 17 
of the multilayer interconnection board 3. It is preferable to select an 
adhesive material which is high in wettability to both the plural metal 

15 column-shaped buffer layers 1 1 ' and the external electrode pads 17. 

With reference to FIG. 25R, an insulative stress absorption resin 
is provided to completely fill the gaps 26 between the plural metal 
column- shaped buffer layers 11' to form stress absorption layers 12' 
between the plural metal column-shaped buffer layers 11'. The stress 

20 absorption layers 12' protects the plural metal column-shaped buffer layers 
11' and the multilayer interconnection board 3 from mechanical and 
chemical stresses. The insulative stress absorption resin is provided to 
completely fill the gaps 26 by a spin coating method or a transfer sealing 
technique. If the bottom surfaces of the plural metal column-shaped buffer 
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layers IT are coated with the insulative stress absorption resin, then the 
insulative stress absorption resin coating the bottom surfaces of the plural 
metal column-shaped buffer layers 11' are removed, for example by a 
chemical mechanical polishing method or any available removal method, 
5 so that the bottom surfaces of the plural metal column-shaped buffer layers 
1 1 ' are shown. The plural metal column-shaped buffer layers 1 1 ' of the 
buffer layer 4 are then subjected to an electroless plating for plating 
laminated Ni and Au layers or laminated Zn, Ni and Au layers on the plural 
metal column-shaped buffer layers 1 1 ' and the pad electrodes 22-4 in order 

10 to improve a bonding property between the plural metal column-shaped 
buffer layers 1 1 ' and also a bonding property between the pad electrodes 
22-4 and the bumps 14 of the semiconductor chip 2. As a result, the 
multilayer interconnection board 3 is completed, which comprises plural 
unit multilayer interconnection boards. 

15 With reference to FIG. 25 S, solder balls 13 are formed which are 

in contact directly with the bottoms of the plural metal column-shaped 
buffer layers 11' of the buffer layer 4' to form a semiconductor device 1 
having the multilayer interconnection board 3 and the plural semiconductor 
chips 2 mounted thereon. The solder balls 13 serve as external terminals. 

20 The solder balls 13 may be made of a metal based material such as Sn or 
Pb. The solder balls 13 may also be free of lead. The solder balls 13 may be 
made of an electrically conductive material having a low melting point, a 
high heat conductivity and a rapid solidity as well as a large surface tension 
so that the electrically conductive material becomes in the form of balls. 



Page 212 



Pf-2683/nec/us/] 



Since the plural metal column- shaped buffer layers IT of the buffer layer 
4' are electrically conductive, the external electrode pads 17-1 and the 
solder balls 13 are eclectically connected through the plural metal 
column-shaped buffer layers 1 1 ' of the buffer layer 4\ 
5 With reference to FIG. 25T, a supporting plate 51 is provided 

which extends in parallel to the bottom surface of the buffer layer 4\ 
wherein the supporting plate 5 1 has the array of solder ball insertion holes 
52 having a diameter which is slightly larger than a diameter of the solder 
balls 13, so that the solder balls 13 are inserted in the solder ball insertion 

o 10 holes 52 and surrounded by the supporting plate 51, thereby to form an 

| inter-space between the supporting plate 51 and the bottom surface or the 

in second surface of the buffer layer 4'. The supporting plate 51 further has a 

resin injection hole 53 for allowing a resin material into the inter-space 

H between the supporting plate 51 and the bottom surface or the second 

O 15 surface of the multilayer interconnection board 3. 

p With reference to FIG. 25U, a resin material is injected through 

the resin injection hole 53 of the supporting plate 51 into the inter-space 
between the supporting plate 5 1 and the bottom surface of the buffer layer 
4\ thereby to form the supporting sealing resin material 54 in the 
20 inter-space between the supporting plate 51 and the bottom surface of the 
buffer layer 4\ The supporting sealing resin material 54 is tightly contact 
with upper portions of the solder balls 13 for supporting the solder balls 13 
to increase the bonding stability between the solder balls 13 and the plural 
metal column-shaped buffer layers 1 T of the buffer layer 4\ 
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In accordance with this embodiment, the plural metal 
column-shaped buffer layers IT are bonded by the adhesive 61 to the 
external electrode pads 1 7 of the multilayer interconnection board 3 after 
the high rigidity plate 16 of the metal plate has completely been removed 
5 from the bottom surface or the second surface of the multilayer 
interconnection board 3. It is unnecessary to selectively etch the high 
rigidity plate 16 of the metal plate, whereby it is impossible to cause any 
in-plane variation in etching to the high rigidity plate 16. 



10 THIRTEENTH EMBODIMENT : 

A thirteenth embodiment according to the present invention will 
be described in detail with reference to the drawings. A difference in the 
thirteenth embodiment from the twelfth embodiment is in that a supporting 
layer 59 is provided in gaps between the plural metal column-shaped buffer 

15 layers 1 1 9 in place of the stress absorption layer 12'. 

FIG. 26 is a cross sectional elevation view illustrative of a 
semiconductor device having a multilayer interconnection board, on which 
a semiconductor chip is mounted in a thirteenth embodiment according to 
the present invention. A semiconductor device 32 has a multilayer 

20 interconnection board 3. A flip-chip semiconductor chip 2 is flip-mounted 
on the multilayer interconnection board 3, wherein a first surface of the 
flip-chip semiconductor chip 2 is electrically connected through bumps 14 
to a first surface of the multilayer interconnection board 3. A second 
surface of the multilayer interconnection board 3 has arrays of external 
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electrode pads 17. A sealing resin material 15 is provided over the first 
surface of the multilayer interconnection board 3 for sealing the 
semiconductor chip 2 and the bumps 14. The bumps 14 and the solder balls 
13 are eclectically connected to each other through multilevel 
5 interconnections of the multilayer interconnection board 3. A sealing resin 
material 31 is provided over the first surface of the multilayer 
interconnection board 3 for sealing the semiconductor chip 2 and the 
bumps 14. A second surface of the multilayer interconnection board 3 has 
arrays of external electrode pads 17 on which a buffer layer 4' is formed. 

10 Solder balls 13 are formed on a bottom surface of the buffer layer 4\ The 
buffer layer 4' comprises plural metal column-shaped buffer layers 11' 
which are bonded by an adhesive 61 in to the external electrode pads 17 
and a supporting layer 59' in gaps 26 between the plural metal 
column-shaped buffer layers 11'. The buffer layer 4' is thus provided 

15 between the external electrode pads 17 of the multilayer interconnection 
board 3 and the solder balls 13. The buffer layer 4' comprising the plural 
metal column-shaped buffer layers 11' and the supporting layer 59' has a 
sufficient stand-off height for relaxing the stress applied between the 
flip-chip semiconductor device 32 and the circuit board not illustrated. The 

20 supporting layer 59' is provided on the bottom surface of the multilayer 
interconnection board 3 except under the external electrode pads 17. Since 
the buffer layer 4' comprises the plural metal column-shaped buffer layers 
IT, the external electrode pads 17 of the multilayer interconnection board 
3 are electrically connected through the plural metal column-shaped buffer 
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layers 1 V to the solder balls 13. The supporting layer 59 is provided on the 
bottom surface of the buffer layer 4' so that the supporting layer 59 
surrounds upper parts of the solder balls 13 for supporting the solder balls 
13 to increase the bonding stability between the solder balls 13 and the 
plural metal column-shaped buffer layers 11' of the buffer layer 4\ The 
supporting layer 59 comprises a supporting plate 51 and a supporting 
sealing resin material 54. The supporting plate 5 1 extends in parallel to the 
bottom surface of the buffer layer 4\ The supporting plate 51 may be made 
of a high rigidity material. Insulating materials and conductive materials 
are also available for the supporting plate 51, provided that the material has 
the high rigidity. The supporting sealing resin material 54 is filled in the 
gaps 26 between the plural metal column-shaped buffer layers 1 V of the 
buffer layer 4\ The supporting sealing resin material 54 is tightly contact 
with upper portions of the solder balls 13 for supporting the solder balls 13 
to increase the bonding stability between the solder balls 13 and the plural 
metal column-shaped buffer layers 11' of the buffer layer 4\ The 
supporting plate 51 defines a height or a thickness of the supporting sealing 
resin material 54, wherein the thickness of the supporting sealing resin 
material 54 is so defined that the upper portions of the solder balls 13 are 
tightly contact with the supporting sealing resin material 54, so that the tops 
of the solder balls 13 project from the supporting sealing resin material 54. 

FIGS. 27 A through 27R are fragmentary cross sectional elevation 
views illustrative of a novel method of forming a semiconductor device 
having a multilayer interconnection board on which a semiconductor chip 
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is mounted in a thirteenth embodiment in accordance with the present 
invention. 

With reference to FIG. 27 A, a high rigidity plate 16 is prepared. 
The high rigidity plate 16 may be made of any material having a high 
5 rigidity. Metals such as Cu-, Ni-, A1-, W-, Mo-, Au-, Ag- and Pt-based 
metals, complex materials of different metals and ceramics are available for 
the high rigidity plate 16. 

With reference to FIG. 27B, an adhesive metal layer of a metal 
such as a Ti-base alloy, a Cr-base alloy, a Mo-base alloy, and a W-base 

10 alloy is formed on a first surface of the high rigidity plate 16 by a 
sputtering method. An electrode material layer of a metal such as Cu, Al, 
and Ni is then formed on the adhesive metal layer by a sputtering method 
to form laminations of the adhesive metal layer and the electrode material 
layer. A resist film is then applied on the laminations of the adhesive metal 

1 5 layer and the electrode material layer. The resist film is then patterned by 
an exposure and a subsequent development to form a resist pattern. A 
selective wet etching process or a selective dry etching process to the 
laminations of the adhesive metal layer and the electrode material layer is 
carried out by use of the resist pattern as a mask so as to pattern the 

20 laminations of the adhesive metal layer and the electrode material layer, 
whereby external electrode pads 17-1 are selectively formed on the first 
surface of the high rigidity plate 16. The used resist pattern is then 
removed. 

If a minimum pitch of the external electrode pads 17-1 is not so 
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narrow, then it is possible as a modification that a resist is coated directly 
on the first surface of the high rigidity plate 16 and then patterned by an 
exposure and a development to form a resist pattern before a selective 
electroplating of metal is then carried out by use of the resist pattern as a 
5 mask, followed by removal of the used resist pattern. 

With reference to FIG. 27C, an insulative resin thin film 18-1 is 
then formed over the external electrode pads 17-1 and the first surface of 
the high rigidity plate 16. The insulative resin thin film 18-1 may comprise 
a polyimide based resin thin film which may be formed by a spin coating 

10 method, a chemical vapor deposition method or a physical vapor deposition 
method. In place of the polyimide based resin, silicon dioxide based 
inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 

15 insulative resin thin film 18-1. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. 

With reference to FIG. 27D, the insulative resin thin film 18-1 is 
selectively removed to form openings 19-1 in the insulative resin thin film 

20 18-1 and over the external electrode pads 17-1. A resist film is applied on 
the insulative resin thin film 18-1 and then patterned by an exposure and a 
subsequent development to form a resist pattern on the insulative resin thin 
film 18-1. If the insulative resin thin film 18-1 is made of a material which 
is removable by a chemical etching process, the insulative resin thin film 
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18-1 is selectively removed by a wet etching by use of the resist pattern as 
a mask to form the openings 19-1 in the insulative resin thin film 18-1. If 
the insulative resin thin film 18-1 is made of a material which is 
unremovable by the chemical etching process, the insulative resin thin film 
5 18-1 is selectively removed by a dry etching by use of the resist pattern as a 
mask to form the openings 19-1 in the insulative resin thin film 18-1. The 
external electrode pads 17-1 are partially shown through the openings 19-1 
formed in the insulative resin thin film 18-1. The used resist pattern is then 
removed. 

10 With reference to FIG. 27E, an adhesive metal thin film 21a is 

entirely formed which extends on the surface of the insulative resin thin 
film 18-1 and the shown parts of the external electrode pads 17-1 by a 
sputtering method. The adhesive metal thin film 21a may be made of a 
Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 

15 Subsequently, a metal electrode thin film 21b is also entirely formed on the 
adhesive metal thin film 21a by a sputtering method, a chemical vapor 
deposition or an electroless plating method. The metal electrode thin film 
21b may be made of Cu, Al or Ni. Laminations of the adhesive metal thin 
film 21a and the metal electrode thin film 21b form a metal thin film 21 

20 which extends on the surface of the insulative resin thin film 18-1 and 
within the openings 19-1 over the external electrode pads 17-1. 

With reference to FIG. 27F, a resist film is entirely formed on the 
metal thin film 21 and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film 21. The metal 
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thin film 21 is then patterned by a wet etching or a dry etching by use of the 
resist pattern as a mask to form metal thin film contact layers 23-1 in the 
openings 19-1 and metal thin film interconnection layers 22-1 over the 
insulative resin thin film 18-1, wherein the metal thin film interconnection 
5 layers 22-1 are in contact directly with the metal thin film contact layers 
23-1, so that the metal thin film interconnection layers 22-1 are electrically 
connected through the metal thin film contact layers 23-1 to the external 
electrode pads 17-1. The used resist mask is then removed. The external 
electrode pads 17-1 shown in FIG. 27F correspond to the first level 

10 interconnection pattern 5-1 of the first interconnection layer 5 shown in 
FIG. 6. The insulative resin thin film 18-1 shown in FIG. 27F also 
corresponds to the first level insulating layer 5-2 of the first interconnection 
layer 5 shown in FIG. 6. The metal thin film contact layers 23-1 shown in 
FIG. 27F also corresponds to the first level contact layer 5-3 of the first 

15 interconnection layer 5. The metal thin film interconnection layers 22-1 
shown in FIG. 27F also corresponds to the second level interconnection 
pattern 6-1 of the second interconnection layer 6. 

If the pattern pitch of the metal thin film interconnection layers 
22-1 is not so narrow, then it is possible as a modification that after the 

20 metal thin film 21 has been formed, then the resist pattern is formed on the 
metal thin film 21 so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film 21. The used resist mask is then removed. The 
metal thin film 21 is then selectively etched by use of the Cu-plated 
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patterns as a mask thereby to form the metal thin film interconnection 
layers 22-1 over the insulative resin thin film 18-1 and the metal thin film 
contact layers 23-1 in the openings 19-1. 

In accordance with the above described method and its 
5 modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-1 are not more than 1 
micrometers. 

With reference to FIG. 27G, an insulative resin thin film 18-2 is 
then formed over the metal thin film interconnection layers 22-1 and the 

10 insulative resin thin film 18-1. The insulative resin thin film 18-2 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 

15 silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-2. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 

20 insulative resin thin film 18-2 is selectively removed to form openings 19-2 
in the insulative resin thin film 18-2 and over the metal thin film 
interconnection layers 22-1. A resist film is applied on the insulative resin 
thin film 18-2 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-2. 
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If the insulative resin thin film 18-2 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 18-2 
is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-2 in the insulative resin thin film 18-2. If the 
5 insulative resin thin film 18-2 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-2 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-2 in the insulative resin thin film 18-2. The metal 
thin film interconnection layers 22-1 are partially shown through the 
10 openings 19-2 formed in the insulative resin thin film 18-2. The used resist 
pattern is then removed. 

With reference to FIG. 27H, an adhesive metal thin film is 
entirely formed which extends on the surface of the insulative resin thin 
film 18-2 and the shown parts of the metal thin film interconnection layers 
15 22-1 by a sputtering method. The adhesive metal thin film may be made of 
a Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 
Subsequently, a metal electrode thin film is also entirely formed on the 
adhesive metal thin film by a sputtering method, a chemical vapor 
deposition or an electroless plating method. The metal electrode thin film 
20 may be made of Cu, Al or Ni. Laminations of the adhesive metal thin film 
and the metal electrode thin film form a metal thin film which extends on 
the surface of the insulative resin thin film 18-2 and within the openings 
19-2 over the metal thin film interconnection layers 22-1. A resist film is 
entirely formed on the metal thin film and then patterned by an exposure 
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and a subsequent development to form a resist pattern over the metal thin 
film. The metal thin film is then patterned by a wet etching or a dry etching 
by use of the resist pattern as a mask to form metal thin film contact layers 
23-2 in the openings 19-2 and metal thin film interconnection layers 22-2 
over the insulative resin thin film 18-2, wherein the metal thin film 
interconnection layers 22-2 are in contact directly with the metal thin film 
contact layers 23-2, so that the metal thin film interconnection layers 22-2 
are electrically connected through the metal thin film contact layers 23-2 to 
the metal thin film interconnection layers 22-1. The used resist mask is then 
removed. The metal thin film interconnection layers 22-1 shown in FIG. 
27H correspond to the second level interconnection pattern 6-1 of the 
second interconnection layer 6 shown in FIG. 6. The insulative resin thin 
film 18-2 shown in FIG. 27H also corresponds to the second level 
insulating layer 6-2 of the second interconnection layer 6 shown in FIG. 6. 
The metal thin film contact layers 23-2 shown in FIG. 27H also 
corresponds to the second level contact layer 6-3 of the second 
interconnection layer 6. The metal thin film interconnection layers 22-2 
shown in FIG. 27H also corresponds to the third level interconnection 
pattern 7-1 of the third interconnection layer 7. 

If the pattern pitch of the metal thin film interconnection layers 
22-2 is not so narrow, then it is possible as a modification that after the 
metal thin film has been formed, then the resist pattern is formed on the 
metal thin film so that a selective electroplating of metal such as Cu is 
carried out by use of the resist pattern as a mask to form Cu-plated patterns 
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over the metal thin film. The used resist mask is then removed. The metal 
thin film is then selectively etched by use of the Cu-plated patterns as a 
mask thereby to form the metal thin film interconnection layers 22-2 over 
the insulative resin thin film 18-2 and the metal thin film contact layers 
5 23-2 in the openings 19-2. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-2 are not more than 1 
micrometers. 

!! IT: 

□ 10 With reference to FIG. 271, an insulative resin thin film 18-3 is 

fill 

■ : j then formed over the metal thin film interconnection layers 22-2 and the 

•hi: 

ill insulative resin thin film 18-2. The insulative resin thin film 18-3 may 

Q comprise a polyimide based resin thin film which may be formed by a spin 

i:h coating method, a chemical vapor deposition method or a physical vapor 

B 15 deposition method. In place of the polyimide based resin, silicon dioxide 

O based inorganic materials, and organic materials such as epoxy based resins, 

£3 

silicone based resins, poly olefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-3. If a fine pattern of not more than 1.0 
20 micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 18-3 is selectively removed to form openings 19-3 
in the insulative resin thin film 18-3 and over the metal thin film 
interconnection layers 22-2. A resist film is applied on the insulative resin 
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thin film 18-3 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-3. 
If the insulative resin thin film 18-3 is made of a material which is 
removable by a chemical etching process, the insulative resin thin film 18-3 
5 is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-3 in the insulative resin thin film 18-3. If the 
insulative resin thin film 18-3 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-3 is 
selectively removed by a dry etching by use of the resist pattern as a mask 
10 to form the openings 19-3 in the insulative resin thin film 18-3. The metal 
thin film interconnection layers 22-2 are partially shown through the 
openings 19-3 formed in the insulative resin thin film 18-3. The used resist 
pattern is then removed. 

With reference to FIG. 27J, an adhesive metal thin film is entirely 
15 formed which extends on the surface of the insulative resin thin film 18-3 
and the shown parts of the metal thin film interconnection layers 22-2 by a 
sputtering method. The adhesive metal thin film may be made of a Ti-based 
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently, 
a metal electrode thin film is also entirely formed on the adhesive metal 
20 thin film by a sputtering method, a chemical vapor deposition or an 
electroless plating method. The metal electrode thin film may be made of 
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal 
electrode thin film form a metal thin film which extends on the surface of 
the insulative resin thin film 18-3 and within the openings 19-3 over the 
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metal thin film interconnection layers 22-2. A resist film is entirely formed 
on the metal thin film and then patterned by an exposure and a subsequent 
development to form a resist pattern over the metal thin film. The metal 
thin film is then patterned by a wet etching or a dry etching by use of the 
5 resist pattern as a mask to form metal thin film contact layers 23-3 in the 
openings 19-3 and metal thin film interconnection layers 22-3 over the 
insulative resin thin film 18-3, wherein the metal thin film interconnection 
layers 22-3 are in contact directly with the metal thin film contact layers 
23 -3 , so that the metal thin film interconnection layers 22-3 are electrically 

10 connected through the metal thin film contact layers 23-3 to the metal thin 
film interconnection layers 22-2. The used resist mask is then removed. 
The metal thin film interconnection layers 22-2 shown in FIG. 27J 
correspond to the third level interconnection pattern 7-1 of the third 
interconnection layer 7 shown in FIG. 6. The insulative resin thin film 18-3 

15 shown in FIG. 27 J also corresponds to the third level insulating layer 7-2 of 
the third interconnection layer 7 shown in FIG. 6. The metal thin film 
contact layers 23-3 shown in FIG. 27 J also corresponds to the third level 
contact layer 7-3 of the third interconnection layer 7. The metal thin film 
interconnection layers 22-3 shown in FIG. 27J also corresponds to the 

20 fourth level interconnection pattern 8-1 of the third interconnection layer 8. 

If the pattern pitch of the metal thin film interconnection layers 
22-3 is not so narrow, then it is possible as a modification that after the 
metal thin film has been formed, then the resist pattern is formed on the 
metal thin film so that a selective electroplating of metal such as Cu is 
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carried out by use of the resist pattern as a mask to form Cu-plated patterns 
over the metal thin film. The used resist mask is then removed. The metal 
thin film is then selectively etched by use of the Cu-plated patterns as a 
mask thereby to form the metal thin film interconnection layers 22-3 over 
the insulative resin thin film 18-3 and the metal thin film contact layers 
23-3 in the openings 19-3. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the 
metal thin film interconnection layers 22-3 are not more than 1 
micrometers. 

With reference to FIG. 27K, an insulative resin thin film 18-4 is 
then formed over the metal thin film interconnection layers 22-3 and the 
insulative resin thin film 18-3. The insulative resin thin film 18-4 may 
comprise a polyimide based resin thin film which may be formed by a spin 
coating method, a chemical vapor deposition method or a physical vapor 
deposition method. In place of the polyimide based resin, silicon dioxide 
based inorganic materials, and organic materials such as epoxy based resins, 
silicone based resins, polyolefin based resins, cyanate ester based resins, 
phenol based resins, naphthalene based resins are available for the 
insulative resin thin film 18-4. If a fine pattern of not more than 1.0 
micrometer is required, it is preferable to use the silicon dioxide based 
inorganic materials for utilizing diffusion processes of semiconductor. The 
insulative resin thin film 18-4 is selectively removed to form openings 19-4 
in the insulative resin thin film 18-4 and over the metal thin film 
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interconnection layers 22-3. A resist film is applied on the insulative resin 
thin film 18-4 and then patterned by an exposure and a subsequent 
development to form a resist pattern on the insulative resin thin film 18-4. 
If the insulative resin thin film 18-4 is made of a material which is 
5 removable by a chemical etching process, the insulative resin thin film 18-4 
is selectively removed by a wet etching by use of the resist pattern as a 
mask to form the openings 19-4 in the insulative resin thin film 18-4. If the 
insulative resin thin film 18-4 is made of a material which is unremovable 
by the chemical etching process, the insulative resin thin film 18-4 is 

10 selectively removed by a dry etching by use of the resist pattern as a mask 
to form the openings 19-4 in the insulative resin thin film 18-3. The metal 
thin film interconnection layers 22-3 are partially shown through the 
openings 19-4 formed in the insulative resin thin film 18-4. The used resist 
pattern is then removed. 

15 With reference to FIG. 27L, an adhesive metal thin film is 

entirely formed which extends on the surface of the insulative resin thin 
film 1 8-4 and the shown parts of the metal thin film interconnection layers 
22-3 by a sputtering method. The adhesive metal thin film may be made of 
a Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 

20 Subsequently, a metal electrode thin film is also entirely formed on the 
adhesive metal thin film by a sputtering method, a chemical vapor 
deposition or an electroless plating method. The metal electrode thin film 
may be made of Cu, Al or Ni. Laminations of the adhesive metal thin film 
and the metal electrode thin film form a metal thin film which extends on 
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the surface of the insulative resin thin film 18-4 and within the openings 
19-4 over the metal thin film interconnection layers 22-3. A resist film is 
entirely formed on the metal thin film and then patterned by an exposure 
and a subsequent development to form a resist pattern over the metal thin 
5 film. The metal thin film is then patterned by a wet etching or a dry etching 
by use of the resist pattern as a mask to form metal thin film contact layers 
23-4 in the openings 19-4 and pad electrodes 22-4 over the insulative resin 
thin film 18-4, wherein the pad electrodes 22-4 are in contact directly with 
the metal thin film contact layers 23-4, so that the pad electrodes 22-4 are 

10 electrically connected through the metal thin film contact layers 23-4 to the 
metal thin film interconnection layers 22-3. The used resist mask is then 
removed. The metal thin film interconnection layers 22-3 shown in FIG. 
27L correspond to the fourth level interconnection pattern 8-1 of the fourth 
interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4 

15 shown in FIG. 27L also corresponds to the fourth level insulating layer 8-2 
of the fourth interconnection layer 8 shown in FIG. 6. The metal thin film 
contact layers 23-4 shown in FIG. 27L also corresponds to the fourth level 
contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes 
22-4 shown in FIG. 27L also corresponds to the fifth level interconnection 

20 pattern 9-1 of the fifth interconnection layer 9. 

If the pattern pitch of the pad electrodes 22-4 is not so narrow, 
then it is possible as a modification that after the metal thin film has been 
formed, then the resist pattern is formed on the metal thin film so that a 
selective electroplating of metal such as Cu is carried out by use of the 
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resist pattern as a mask to form Cu-plated patterns over the metal thin film. 
The used resist mask is then removed. The metal thin film is then 
selectively etched by use of the Cu-plated patterns as a mask thereby to 
form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the 
5 metal thin film contact layers 23-4 in the openings 19-4. 

In accordance with the above described method and its 
modification, it is possible that the thicknesses of the resist film and the pad 
electrodes 22-4 are not more than 1 micrometers. 

With reference to FIG. 27M, a solder resist film 24 is then 

10 formed over the pad electrodes 22-4 and the insulative resin thin film 18-4 
in order to protect the multilayer interconnection board 3 having the pad 
electrodes 24. The solder resist film 24 shown in FIG. 27M corresponds to 
the fifth level insulating layer 9-2 of the fifth interconnection layer 9 shown 
in FIG. 6. The solder resist film 24 may comprise an organic insulating film 

1 5 such an epoxy resin film containing an inorganic filler such as fine powders 
of silicon dioxide. Alternatively, the solder resist film 24 may be made of a 
material which has a large resistivity to external chemical stress, and a 
large resistivity to a Flux cleaning solution or an Au plating solution as 
well as a high adhesiveness to a sealing material such as an under-fill 

20 material. If the above first to fourth insulative resin thin films 18-1, 18-2, 
1 8-3 and 1 8-4 are highly resistive to the chemical and chemical stresses, it 
is possible as a modification to eliminate the formation of the solder resist 
film 24. The solder resist film 24 is selectively removed to form openings 
24a in the solder resist film 24 and over the pad electrodes 22-4. If the 
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solder resist film 24 is made of a non-photosensitive material, a resist film 
is applied on the solder resist film 24 and then patterned by an exposure 
and a subsequent development to form a resist pattern on the solder resist 
film 24, so that the solder resist film 24 is selectively removed by a wet 
etching by use of the resist pattern as a mask to form the openings 24a in 
the solder resist film 24, followed by removal of the used resist pattern. If 
the solder resist film 24 is made of a photosensitive material, then the 
solder resist film 24 is directly patterned by an exposure and a subsequent 
development to form the openings 24a in the solder resist film 24. The 
electrode pads 22-4 are partially shown through the openings 24a formed in 
the solder resist film 24. 

With reference to FIG. 27N, the high rigidity plate 16 is 
completely removed by an etching process, whereby the multilayer 
interconnection board 3 remains. The external electrode pads 17-1 in the 
first interconnection layer 5 and the pad electrodes 22-4 in the fifth 
interconnection layer 9 are then subjected to an electroless plating for 
plating laminated Ni and Au layers or laminated Zn, Ni and Au layers on 
the external electrode pads 17-1 and the pad electrodes 22-4 in order to 
improve a bonding property between the external electrode pads 17-1 and 
also a bonding property between the pad electrodes 22-4 and the bumps 14 
of the semiconductor chip 2. As a result, the multilayer interconnection 
board 3 is completed, which comprises plural unit multilayer 
interconnection boards. A test for electrical characteristics of the multilayer 
interconnection board 3 is then made, so that only quality-confirmed units 
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in the plural unit multilayer interconnection boards in the electrical 
characteristic test are then subjected to a mounting process for mounting 
semiconductor chips thereon. 

With reference to FIG. 270, semiconductor chips 2 are mounted 
5 on the multilayer interconnection board 3, wherein the semiconductor chips 
2 have the plural bumps 14, and the plural bumps 14 are made into contact 
with the electrode pads 22-4 of the multilayer interconnection board 3, so 
that the semiconductor chips 2 are electrically connected through the plural 
bumps 14 to the multilayer interconnection board 3. If the bumps 14 are 
10 made of a metal based solder material such as Sn or Pb, a flip-chip bonding 
utilizing a heat re- flow process using Flux is available for bonding the 
plural bumps 14 to the electrode pads 22-4 of the multilayer 
interconnection board 3. If the bumps 14 are made of a metal based solder 
material such as Au or In, a flip-chip bonding utilizing a 
15 thermo-compression bonding is available for bonding the plural bumps 14 
to the electrode pads 22-4 of the multilayer interconnection board 3. 

With reference to FIG. 27P, an insulative resin material 31 is 
formed which coats side walls of the semiconductor chips 2, an inter-space 
between the semiconductor chips 2 and the multilayer interconnection 
20 board 3 around the bumps 14 and the surface of the solder resist film 24 of 
the multilayer interconnection board 3 in order to protect the 
semiconductor chips 2, the bumps 14 and the multilayer interconnection 
board 3. This coating process is carried out by use of a resin injection 
technique involving a vacuum sealing technique or a transfer sealing 
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technique. The insulative resin material 31 may be made of one of epoxy 
resin materials, silicone resin materials, polyimide resin materials, 
polyolefin resin materials, cyanate ester resin materials, phenol resin 
materials and naphthalene resin materials. 
5 With reference to FIG. 27Q, plural metal column-shaped buffer 

layers 1 1' are bonded by an adhesive 61 in to the external electrode pads 17 
of the multilayer interconnection board 3. It is preferable to select an 
adhesive material which is high in wettability to both the plural metal 
column-shaped buffer layers 1 1' and the external electrode pads 17. 
10 With reference to FIG. 27R, the supporting layer 59' comprising 

the supporting plate 51 and the supporting sealing resin material 54 is 
formed in gaps 26 between the plural metal column-shaped buffer layers 
IT. Namely, the supporting plate 51 is provided which extends in parallel 
to the bottom surface of the buffer layer 4\ The supporting sealing resin 
15 material 54 is filled in the gaps 26 between the plural metal column-shaped 
buffer layers 11' of the buffer layer 4'. The supporting sealing resin 
material 54 is tightly contact with upper portions of the solder balls 13 for 
supporting the solder balls 13 to increase the bonding stability between the 
solder balls 13 and the plural metal column-shaped buffer layers 11' of the 
20 buffer layer 4'. The supporting plate 51 defines a height or a thickness of 
the supporting sealing resin material 54, wherein the thickness of the 
supporting sealing resin material 54 is so defined that the upper portions of 
the solder balls 13 are tightly contact with the supporting sealing resin 
material 54, so that the tops of the solder balls 13 project from the 
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supporting sealing resin material 54. In accordance with this embodiment, 
the plural metal column-shaped buffer layers 11' are bonded by the 
adhesive 61 to the external electrode pads 17 of the multilayer 
interconnection board 3 after the high rigidity plate 16 of the metal plate 
5 has completely been removed from the bottom surface or the second 
surface of the multilayer interconnection board 3. It is unnecessary to 
selectively etch the high rigidity plate 16 of the metal plate, whereby it is 
impossible to cause any in-plane variation in etching to the high rigidity 
plate 16. 

10 Further, the supporting layer 59' comprising the supporting plate 

51 and the supporting sealing resin material 54 is formed in gaps 26 
between the plural metal column-shaped buffer layers 11 ', so that the upper 
portions of the solder balls 13 are tightly contact with the supporting 
sealing resin material 54, so that the tops of the solder balls 13 project from 

15 the supporting sealing resin material 54. The supporting sealing resin 
material 54 is also tightly contact with upper portions of the solder balls 13 
for supporting the solder balls 13 to increase the bonding stability between 
the solder balls 13 and the plural metal column-shaped buffer layers 11' of 
the buffer layer 4'. 

20 In this embodiment, no process for forming the stress absorption 

layer 12' nor subsequent process for removing a part of the stress 
absorption layer 12' from the surfaces of the solder balls 13 are required, 
thereby reducing the number of the necessary fabrication processes as 
compared to the twelfth embodiment. The support plate 59' of this 
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embodiment is much thicker than that of the twelfth embodiment. This 
means that the amount of the injected supporting sealing resin material 54 
is much larger. Even if a large pressure is applied to the supporting layer 
59', then the supporting layer 59' keeps a high planarity of its surface, 
5 thereby ensuring that the tops of the solder balls 13 are projected from the 
planer surface of the supporting layer 59'. 

FOURTEENTH EMBODIMENT : 

A fourteenth embodiment according to the present invention will 

10 be described with reference to the drawing. A difference in the fourteenth 
embodiment from the first embodiment is in that in place of the solder balls, 
external pin electrodes are provided which are in contact with external 
electrode pads of the multilayer interconnection and further that the heat 
spreader is not provided. FIG. 28 is a cross sectional elevation view 

15 illustrative of a semiconductor device having a multilayer interconnection 
board, on which a semiconductor chip is mounted in a fourteenth 
embodiment according to the present invention. A semiconductor device 32 
has a multilayer interconnection board 3. A flip-chip semiconductor chip 2 
is flip-mounted on the multilayer interconnection board 3, wherein a first 

20 surface of the flip-chip semiconductor chip 2 is electrically connected 
through bumps 14 to a first surface of the multilayer interconnection board 
3. A second surface of the multilayer interconnection board 3 has arrays of 
external electrode pads 17 on which external pin electrodes 71 are provided. 
A sealing resin material 15 is provided over the first surface of the 
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multilayer interconnection board 3 for sealing the semiconductor chip 2 
and the bumps 14. The bumps 14 and the solder balls 13 are eclectically 
connected to each other through multilevel interconnections of the 
multilayer interconnection board 3. The external pin electrodes 71 are 
5 much higher in flexibility or stress-absorbility than the solder balls. In this 
embodiment, in place of the solder balls, the external pin electrodes 71 are 
provided which are much higher in flexibility or stress-absorbility than the 
solder balls for highly absorbing a stress applied between the multilayer 
interconnection board 3 and a circuit board not illustrated. 

10 

FIFTEENTH EMBODIMENT : 

A fifteenth embodiment according to the present invention will 
be described with reference to the drawing. A difference in the fifteenth 
embodiment from the first embodiment is in that in place of the solder balls, 

15 external coil-spring electrodes are provided which are in contact with 
external electrode pads of the multilayer interconnection and further that 
the heat spreader is not provided. FIG. 29 is a cross sectional elevation 
view illustrative of a semiconductor device having a multilayer 
interconnection board, on which a semiconductor chip is mounted in a 

20 fifteenth embodiment according to the present invention. A semiconductor 
device 32 has a multilayer interconnection board 3. A flip-chip 
semiconductor chip 2 is flip-mounted on the multilayer interconnection 
board 3, wherein a first surface of the flip-chip semiconductor chip 2 is 
electrically connected through bumps 14 to a first surface of the multilayer 
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interconnection board 3. A second surface of the multilayer interconnection 
board 3 has arrays of external electrode pads 17 on which external 
coil-spring electrodes 71' are provided. A sealing resin material 15 is 
provided over the first surface of the multilayer interconnection board 3 for 
sealing the semiconductor chip 2 and the bumps 14. The bumps 14 and the 
solder balls 13 are eclectically connected to each other through multilevel 
interconnections of the multilayer interconnection board 3. The external 
coil-spring electrodes 71' are much higher in flexibility or stress-absorbility 
than the solder balls. In this embodiment, in place of the solder balls, the 
external coil-spring electrodes 71' are provided which are much higher in 
flexibility or stress-absorbility than the solder balls for highly absorbing a 
stress applied between the multilayer interconnection board 3 and a circuit 
board not illustrated. 

SIXTEENTH EMBODIMENT : 

A sixteenth embodiment according to the present invention will 
be described with reference to the drawing. A difference in the sixteenth 
embodiment from the first embodiment is in that in place of the solder balls, 
external column electrodes are provided which are in contact with external 
electrode pads of the multilayer interconnection and further that the heat 
spreader is not provided. FIG. 30 is a cross sectional elevation view 
illustrative of a semiconductor device having a multilayer interconnection 
board, on which a semiconductor chip is mounted in a sixteenth 
embodiment according to the present invention. A semiconductor device 32 
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has a multilayer interconnection board 3. A flip-chip semiconductor chip 2 
is flip-mounted on the multilayer interconnection board 3, wherein a first 
surface of the flip-chip semiconductor chip 2 is electrically connected 
through bumps 14 to a first surface of the multilayer interconnection board 
3. A second surface of the multilayer interconnection board 3 has arrays of 
external electrode pads 17 on which external column electrodes 71" are 
provided. A sealing resin material 15 is provided over the first surface of 
the multilayer interconnection board 3 for sealing the semiconductor chip 2 
and the bumps 14. The bumps 14 and the solder balls 13 are eclectically 
connected to each other through multilevel interconnections of the 
multilayer interconnection board 3. The external column electrodes 71" are 
not higher in flexibility or stress-absorbility than the pin electrodes or the 
coil-spring electrodes, but much higher in rigidity than the pin electrodes or 
the coil-spring electrodes. Further, the external column electrodes 71" 
ensures the planarity of the multilayer interconnection board 3 when the 
multilayer interconnection board 3 is mounted on a circuit board not 
illustrated. The external column electrodes 71" provide a large stand-off 
height, whereby a reliability in mounting the multilayer interconnection 
board 3 on the circuit board is improved. 

SEVENTEENTH EMBODIMENT : 

A seventeenth embodiment according to the present invention 
will be described with reference to the drawing. A difference in the 
seventeenth embodiment from the first embodiment is in that external 
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center-pinched column electrodes are provided which are in contact with 
external electrode pads of the multilayer interconnection and further that 
the heat spreader is not provided. FIG. 31 is a cross sectional elevation 
view illustrative of a semiconductor device having a multilayer 
5 interconnection board, on which a semiconductor chip is mounted in a 
sixteenth embodiment according to the present invention. A semiconductor 
device 32 has a multilayer interconnection board 3. A flip-chip 
semiconductor chip 2 is flip-mounted on the multilayer interconnection 
board 3 5 wherein a first surface of the flip-chip semiconductor chip 2 is 
10 electrically connected through bumps 14 to a first surface of the multilayer 
interconnection board 3. A second surface of the multilayer interconnection 
board 3 has arrays of external electrode pads 17 on which external 
center-pinched column electrodes 71 A are provided. Each of the external 
center-pinched column electrodes 71 A varies in horizontal cross sectional 
15 area in a vertical direction or a longitudinal direction, so that the horizontal 
cross sectional area becomes minimum at its center position or at an 
intermediate height whilst the horizontal cross sectional area becomes 
increased toward the top and bottom thereof. Namely, each of the external 
center-pinched column electrodes 71 A is pinched at its center position or at 
20 an intermediate height. A sealing resin material 15 is provided over the first 
surface of the multilayer interconnection board 3 for sealing the 
semiconductor chip 2 and the bumps 14. The bumps 14 and the solder balls 
13 are eclectically connected to each other through multilevel 
interconnections of the multilayer interconnection board 3. The external 
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center-pinched column electrodes 71 A are higher in flexibility or 
stress-absorbility than the external straight column electrodes 71" and 
further higher in rigidity than the pin electrodes or the coil-spring 
electrodes. 

In this embodiment, in place of the solder balls, the external 
center-pinched column electrodes 71 A are provided which are much higher 
in flexibility or stress-absorbility than the solder balls for highly absorbing 
a stress applied between the multilayer interconnection board 3 and a 
circuit board not illustrated. Further, the external center-pinched column 
electrodes 71 A ensures the planarity of the multilayer interconnection 
board 3 when the multilayer interconnection board 3 is mounted on a 
circuit board not illustrated. The external center-pinched column electrodes 
71 A provide a large stand-off height, whereby a reliability in mounting the 
multilayer interconnection board 3 on the circuit board is improved. 

Whereas modifications of the present invention will be apparent 
to a person having ordinary skill in the art, to which the invention pertains, 
it is to be understood that embodiments as shown and described by way of 
illustrations are by no means intended to be considered in a limiting sense. 
Accordingly, it is to be intended to cover by claims all modifications which 
fall within the spirit and scope of the present invention. 
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